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CHAPTER 17. ICE 0B3SR' ATION FROM SHORE 


Observation of the ice cover from shore is conducted by 


hydrometeorolof^ical stations or ice posts* The stations and 
posts make observations daily during the entire ice season, A 


permanent base point for ice observation is chosen, *rc«n which 


the following data are recorded* 


(1) limit of surface visibility out to sea; 


(2) surface features of the ice; 


(3) proportion of surface covered by drift ice; 


(U) types of ice; 


(^) distribution of t pes and rendering of sketches thereof; 


(6) drift; 


(7) width of fast ice; 


(8) thickness of ice and snow; 


(9) hydrometeorological data. 


The width of the fast ice and the ice edge, and changes in 


the thickness of the ice cover, are determined out on the ice 


Changes in thickness are checked once or twice every 10 days. 


and sketch renderings of ice distribution are accomplished on 


special order, but all the other observations are made daily at 


0900 local time* 
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Along the northwestern sea frmtiers of the U33R (the 
Baltic, Barents and White Seas), ice cover observations are usually 
performed at 1000 or 1100 while at the Arctic hydrometeoroloi^ical 
stations (Kara, Laptev, East Siberian, and Chukotsk Seas), they 
are conducted at noon or 1300* 

Ica observations are conducted at the same time each day, 
regardless of visibility* In poor visibility (fog, snov/fall, 
wind-blown snow), causing the surface of the sea to be visible 
for less than half the distance to the horizon (less than l/3 
at Arctic stations), the observations must be repeated later, 
upon 50 to 100^ improvement over the former visibility, but not 
later than 0300 on the same day* In such instances, the actual 
time of observation, accurate to within 5 minutes, is entered in 
a column of the Log of Ice Observations from Shore* 

The following data are recorded when observation has to 
be repeated} 

(1) limit of surface visibility out to sea; 

(?) surface features of the ice; 

(3) width of fast ice; 

(h) proportion of surface covered by drift ice; 

(^) types of ice; 

(6) distribution of types of ice; 

(7) drift* 

Observations are also repeated if the ice cover undergoes 
significant change during the day, in which case the time is noted, 
and, if possible, the factors causing such change* 

The thickness of the fast ice is measured on the first, 
eleventh, and twenty-first of the month, from 1 December to 1 May, 

- ? - 
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In areas of permanent fast ice, and in river mouths and bays. 

Supplementary observations of ice cover are made at 0700 
and at 1900 local time during the navi elation season if so ordered 
by a superior aut’rorityo 

The ice observation point must meet the following requirements! 

(1) maximum possible altitude above sea level j 

(2) maximum sweep of visibility out to sea, or to the gulf, 
bay, strait, etc, as the case may bej 

(3) proximity to the shore line and to the hydrometeorolo/jical 
station. 

The observation point must not be less than 1^ m above 
sea level. Its altitude is beterr-ilned veodesically to within 0.^ ra. 

In the absence of a level or theodolite, the elevation is deter- 
min^^d by plumb-bob or barometric levelling with an aneroid. The 
average height c' the observer to eye-level (usually 1.5 m) is 
added to the elevation of the observation p'- int. 

The point may consist either of a tower constructed for the 
purpose, the crow*s nest of a light-house, the top of a hill, a 
seaside cliff, etc. 

The distance of the horizon from the observation point may 
be calculated on the formula 

D « 3.85 H 

H being the elevation of the point in m, plus 1.5 m (the average 
eye-level height of the observer. 

Given the elevation H of the observation point, the horizon 
may be calculated by means of Table 3. 

- 3 - 
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TAELE 3 

VISIBLE HOBTZON IK TERMS OF HEIGHT OF OBSERVATION POINT 
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An orientation post 

is eroded 

1 at the 

ice observation point 



to determine the 

direction 

toward various objects on the 

surface 



of the water. It 

consists 

of a wooden post 1,5 m high (Figure 6) 



to the top of which 6 pieces of wood 

or iron rods are attached. 



facing the 8 major points o 

f the compass. The angle between each 



rod is The 

rod point 

Ing north 

is distinguished from the 



others by attaching a piece 

of wood, 

a thick-headed nail, 

or in 



seme other way. 

The North-South line 

of the 

orientation post must 



be determined by the true meridian. 





1 
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The Limit of Surface Visibility Out to Sea 

The limit of surface visibility out to sea is deter/riined 
in the direction perpendicular to the shore line, and is measured 
in tenths of a krn, in bad visibility, and in km, in good visibility. 

The limit of surface visibility out to sea is ti.e maximum 
distance to which, under .?iven atmospheric conditions and light, 
the observer may distinguish th sea surface, and whether it is 
free of, or covered with, ice. In the absence of instruments, 
determination o" visibility is by eye. 

A rod range-finder or a Vladimirskiy angle range-finder 
is used to determine tlie limit, of surface visibility. 

The rod range-finder is used to determine distances out 
to sea in a fixed direction. 

It consists of the 2 vertical wooden rods, I and II in 
Figure 7, each about two me tans high above gio und level, set five 
meters apart, the vertical plane passing through the two rods 
being in the required direction of observation, A sighting line 
to the horizon is indicated on the two rods, this being fixed at 
a time of clear visibility, which usuaTily occurs on days when 
there is little difference between the air temperature and that 
of the surface layer of water. 

Rod I (Figure 8) carries a pin, 2, marking the visible 
horizon; a scale of distances 3; the end of which Q, corresponding 
to the horizon, must be at the level of the pin; and a sliding 
sight slit Ii; fixed to a bar ^5 carrying a catch Ij which holds the 
sighter at the desired position. The pin ?, on rod I (Figure 7 and 8) 
Is set at a level somewhat lo-ver than the observer’s eye. The 


6 
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observer finds the horizon of the moment t rough the aperture 
(diopter), U, along pin ?a of rod II, while the plane t rough pins 
2 and 2a of tho 2 rods leads to the horizon visible In v;ood 
weather (Figure 7). During an observation, sight aperture 
(dioptric) is moved upward on rod I, until the horizon visible at 
the given moment through that aperture is in line with the pin on 
rod II* The position the apertu'^e along the scale of distances 
marked on the rod is noted* This gives the range of the visible 
horizon at the given moment. 

The Vladimirskiy angle range-finder is erected at the 
observation point and is used tc determine direction and distance 
to any desired point on the surface of the sea* 

The angle range-finder consists of a metal rule (alidade), 
1,7^0 mm in length, at the ends of which are mounted verticals 
with sighting devices (Figure 9). One of them, the objective, 
consists of a circular aperture with cross-hairs, while the other 
has a vertical slit 3, the edre of which carries a ram scale* A 
rack-and-pinion gear moves a bar U, with a tiny round hole in its 
center 5, up and down the vertical, while the vernier permits 
readings to an accuracy o 0,1 mm. The alidade 1 is mounted to the 
bushing 7, in the circular mount 6 , by a vertical conical axis 6, 
permitting it to be rotated in ai^jr direction around the circular 
plate 9| bearing a scale from 0 to 360° mounted to the same bushing 
and fastened to the base by a nut 10. Tne axis of rotation 6, 
carries a bent rod 11, the end of which bears a slot and pointer 
for accurate reading of the degree scale* 3 adj iSting screw* 12, 

In the base of the instrument, pemit the plane of the alidade 1, 
to be adjusted to the horizontal, while 3 other screws 13, serve 
to fasten the base of the instrument to a special metal plate lit, 
mounted in its foundation. Were the post is of masonry, the plate 
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is fastened by means of bolts cemented in. *here it is oi wood, 
wood screws are used. The instrument is nomally covered with 
an iron, woode , or canvas hood. 

To detenriine direction and distance to a given point on the 
surface of the sea, the instrument must be snt on the true meridian 
so thnt zero on the horizontal circle faces northward. Rotating 
tie rule until tie objective points at A, the most claracteristic 
cake on the Gd:'e of the drift ice (Figure 10a), and then sighting 
through the hole in the eyepiece, the rack-and-p i nion gear are 
rotated until this p!.>int corresponds to the junction of the cross- 
hairs in the objective. After this has been done, 2 readings 
are talcen, one along the vertical scale, to an accuracy of 0,1 ram, 
and one al' ng the horizontal scale from the pointer (to an accuracy 
of 1°), Then without changing the position of the rule, and 
sighting through the eye-piece, the rack gear is turned until a 
point is reached at which the visibls horizon of the sea is 
fixed in the cross-hairs (Figure 10b), and the vertical scale is 
read again. 

The distance to the point on the surface of the sea is usually 
calculated on P. ¥, Ilel 0 nt’y 0 v»s nomogram, which carries 3 scales. 

The uppermost scale shows the elevation of the instrument above 
sea level in ra. Along the lower scale one plots the difference 
In readin ^s, in mm, between the sightings on the object and on the 
horizon, Ithen a rule is placed across the corresponding points 
on the upper and lower scales, the point at which the rule intersects 
the curved scale in the middle of the chart gives the distance 
to the object, in km. The direction of the object is read off 
along the horizontal circle, calculating from the north to the 
east, from 0 to 3^0®, 

L 


. 8 . 
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If the line of the visible horizon (in the direction for 
which information is being sought) is blocked by the shores of ft 
I ^ulf or bay, island, etc, the cross-hairs are centered on the 

I ^ shore line in taking reading a. Aiming the objective at the point 

being observed gives reading b, 

I The distance measursd from the instrunont to the shore line 

is plotted on the middle scale of the nomogram and the height of 
I the observation point on the upper scale* A straightedge set along 

I these two points on the middle and upper scales gives, at the 

I 

i intersection with the lowrr scale, reading c, providing the true 

I 

I position of this shore line relative to the horizonf 

j The true position of the point observed relative to the 

I horizon is calculated on the formula 

i X ■ b - a + c 

The straightedge is now used to connect the point on the 
upper scale, corresponding to the height of the observation point, 
and that on the lower scale, corresponding to x* The distance 
to the point under observation is then found on the middle scale* 

The foregoing observation is not performed under poor 
conditions of visibility (fog, haze)* 

2* Observations of the Appearance of the Ice 

By origin, ice is divided into fresh water, sea, and 
continental (glacial)* Fresh-water ice is formed in rivers and 
lakes and is carried out to sea in the spring and fall* Sea ice 
is formed locally, in the sea, from salt water. Continental ice 
takes the form of glaciers flowing from islands and the mainland 
coast* They are encountered in the sea in the form of fragments 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6 


All these forma of loe differ widely in physical^ chemical, 
and other properties. All 3 types are rarely found simultaneoualy 
in the oceans and seas or portions thereof, although this does 
occur alon^;^ the northwest shore of the Atlantic, near Novaya 
Zemlya, and at some other points. There are areas in ^ich 2 of 
the types are found together wi.th fair regularity. ;iea and fresh 
water ice are found near the mouths of large rivers and in 
areas of flow of currents related to river outflow. Sea and 
continental ice are als ^ found together. Large Quantities of 
the latter are seen in the vicinity of lar.7e glaciers, although 
they may also be found thousands of km from their points of origin. 

Continental ice is readily distinguished by its shape, vertical 
dimensions, color, and sometimes by clearly-differeit iated 
stratification resulting from annual c; cles of thaw and accumulation. 

Sea ice is distinguished by its- salinity (declining with 
the passage of time). It is cleaner and brighter than fresh-water 
ice, and may also be identified by its color shadings, surface 
structure, etc. 

Sea ice is divided in-fco 2 major sub- types i fast and drifting. 

Fast ice- includes both solid masses firmly attached to the 
shore (the ice foot in the vario is stages of its development) and 
other ice formations resting on shoals, including drift ice 
temporarily stranded. The classification of the latter with fast 
ice Is based primarily on conai derations of navigation. 

In some seas or portions thereof, fast ice may predominate 
in winter, while being negli'gible in quantity during the summer. 

Fast ice may be identified by the absence of tidal leads or signs 
of motion, evidence of vertical fluctuation, tide cracks, pressure 
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rldgss at the seaward edge of the ice foot, etc. It is to be 
remembered tViat fast ice may include ice originating elseiidiere. 


Drift ice comes In a wide variety of shapes, sizes and age, 
and is in constant motion under the influence of wind, currents, 
and waves. 

Fast ice is classified by type. Note is taken not only of 
type but size* width and length of fast ice, its thickness, and 
other indices similar to those noted for drift ice. 

Certain transitional stages are hard to identify, despite 
the fact that precise terms exist with which to describe them 
(i.e,, the transition from first-stage fast ice (** ice- crus ted shore”) 
to young fast ice. The criteria depend upon circumstances. 

Determination of the amount of fast ice and open water is 
arrived at visually, on a ten-point scale. When there is more 
than half a point of fast ice, it is rat d as one point, iriiile less 
than half a point is zero-with-asterisk 

Fast ice exceeding 9« i points but not equal to 10 points 
(there being small areas of open water, or polynias with floating 
ice) is given as 10 in a square (|‘lQ [ ) . A tendency has recently 
appeared to supplement tiiis data with Information on the width of 
ihe fast ice, permitting a more precise concept of the state 
of the ice in the area under observation. 

If fast ice and drift ice are both found within the range 
of vision, it is desirable to determine both the width of the 
ice foot and the amount of fast ice, as for purposes of navigation 
procedures it is desirable to provide data on the total "Icinesa** 
of an ar^a, and the ratio between fast and drifting ice. 
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Full use of observations along the course of vessels, and 
from the air, should also be made in characterizinf< fast ice# 


3, Detemination of the Propo tion of the Surface Covered by Drift Ice 

Determination of the proportion of the surface covered by 
drift ice is made by eye from the observation point on the basis 
of the entire sea surface clearly visible, employing the ten-point 
scale# The criterion is the relationship between total area 
covered by ice cakes and the clear water between them# The maximum 
ice coverage (consolidation), when no water is visible at all is 
10 points. Absence o^' ice is represented by 0 points# The 
gradations between these represent various ratios hetween ice- 
covered to water surface. These ratios, their rep’^esentation by 
points on the scale, and in description, is adduced in the ice 
coverage (consolidation) scale, shown in Table h, 

TABLS 

ICS COVERAGE (CONSOIIMTION) SCALE 
Ice cake-to % ice coverage of 

Points water ratio water surface area Description of ice coverage 


0 . 

Ho ice 

0 

open water 

1 

1/9 

10^ 

Very open ice (scattered ice) 

2 

2/8 

20 ] 

1 

3 

3/7 

30 

1 

ii 

U/6 

itO \ 

/ 



5/5 

50 

f Open Ic© (broken ice) 

6 

6/1* 

60 J 


7 

7/3 

70' 


8 

8/2 

80 1 

Close ice 

9 

9/1 

90 ^ 


10 

No areas of water 

100 

Consolidated ice as far as the 


63 ^ can see 
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Both the table, and the c ncept of evaluation of ice coverage, 
are the work of GOIN (the National Institute of Oceanosiraphy]*.' An 
Interdepartmental commission has added the colu- n, ice coverage 
of water surface area.” 

TABLE ? 

SCALE OF COMSOLIDATION 

([Note]: Taken from Manual for Observations of the Ice on 
Arctic Seas, Rivers and Lakes, by Arctic Hydrometeorolos^ical Stations, 

No 31| Northern Sea Route Press, Moscow and Leningrad, 1953). 

Ratio of area covered by ice of 
unifom degree of consolidation 
to total area over which this 

Balls Description ice is found, % 


0 

Open water with isolated cakes 

0 

1 

Occasional cakes 

10 

2 

Extremely open ice (scattered ice) 

20 

3 

Very open ice 

30 

h 

Open ice 

ho 

5 

Medium close ice 

50 

6 

Slightly open ice 

6o 

7 

Close ice 

70 

8 

Very close ice 

80 

9 

411-but~eonsoli dated ice 

90 

10 

Consolidated ice 

100 


The scale of consolidation used at polar siations (that of 
the Arctic Research Institute) is also based on comparison of the 
area of drifting ice with that of the intervening water surface, 
but is defined with greater detail, in terminology (Table 5). 
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% 


I If the ice is unevenly cl atributed over the surface of the 

sea visible from the ice pointy the orientation post or a ccMpaiss 
is used to divide the entire visible area into a aeries of sectors, 
based on the 8 major directions. These sectors are designated by 
the following numerical indices, adhered to by all hydrometeorolo- 
gical stations: 

Sector N-NE liS-E E-3E 3E-S 3-SW W-SW V-NW N-NW 

Index number I II III IV V VI VII VIII 

i 

i 

"When ice coverage (consolidation) varies n various points 
of each sector of the chart, 3 to 5 point numbers may be entered 
in each sector, the arithmetic mean of which represents the 
average consolidation of the ice in the given sector, and is 
entered alongside the index number for the sector, as shown in 
Figure 12* The maximum and minimim ice coverage (consolidation) 
point numbers in the entire area of visibility are entered in the 
corresponding colu; n of the o servation chart, in addition to 
the a erage consolidation number for the total area (the sum of 
all the local point numbers in the various sectors, divided by 
the number of numbers, and rounded off to a whole number). The 
point number most characteristic of the entire visible area indicates 
the dominant degree of consolidation of the ice. 

When the consolidation of the ice in various directions is 
not uniform, V. L* Tsurikov recommends a careful division of the 
visible area into 2 portions, one containing the ice of greatest, 
and the other, of least, consolidation, with an evaluation of the 
consolidation in each half* 

To facilitate evaluation of consolidation, the National 
Institute of Oceanography, in collaboration with the Naval Observatory 


Ih 
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at Arkhangel*sk, have adopted the f-raphic scale (Figure 13) proposed 
b.y Ya, Ya. Gakkel*. 

Gakkel* recommends that consolidation be evaluated separately 
for young and older ice forms, a method that completely justified 
Itself in observations in the y^liite Sea in 19U9* 

Identification of Types of Ice 

Identification of types of ice is done separately for fast 
and drift ice seen from the observation point over the entire 
visible area. 

In determinin'^ types of fast ice (first-stage fast ice, fast 
ice, ice foot, stranded hummocks, etc), the most characteristic 
type see' over a considerable area is entered into the ^ore- 
observation ice-cover log. Other types are noted when they are 
clearly identifiable and occupy considerable areas of the visible 
space • 

In determining the percentage ratio oi’ types of drift ice, 
which may, for practical purposes, be divided into 2 major groups, 
ice fields and cake ice, tnose types are recorded which are present 
in considerable quantity, taking lOO:^ as wie total area of cakes 
of that type of drift ice alone. The accuracy of the percentage 
given is adequate if it is with: in 10 %, 

Of much significance in observations of type is the shs^ 
of the cake, as the angularity or curvature of outline are good 
indications of i e dynamics and of time when break-up occurred. 

The degree of hummockiness and of destruction of the ice 
is also determined at the same time. 
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Huwmockiness 

Observations of the structure of ice cover must describe 
the state of the surface, rafting, and hummocking of the ice. 
Huramocking is of particular Impo^iiance, as it assists in deter- 
mining age and average streng h (thickness), factors essential to 
compilation of' the ice balance. 

Hummocking is measu-ed by the ratio of area covered by 
hummocks to the total ice a^ea. It is measured in points on a 
:)-point scale, corresponding to the percentage of ice represented 
by hummocks (Table 6). 

TABLE 6 
HIMMOCK SCALE 

([Note]: This scale is from the Manual for Observations 
of the Ice on Arctic Seas, Pdvers and Lakes, by Arctic Hydro- 
meteorological Stations, Ko 31» Northern Sea Route Press, Moscow 
and Leningrad, 19^3) • 



% of visible area 

Av % of ice surface 

Description of ice 

Points 

covered by hummocks 

covered by hummocks 

surface 

0 

0 

0 

Level ice 

1 

0-20 

under 10 

Level ice with occasional 




hummocks 

J? 

20-to 

about 30 

Mildly hummocky ice 

3 

!j0-60 

about 50 

Hummocky ice 

k 

60-80 

about 70 

Very hummocky ice 

5 

80-100 

about 90 

Solidly hummocky ice 


Hummocks are usually found on ice fields, floes, large 
and small cakes, and fast ice# Hummocks are divided into those 
caused by heaping and those caused by marginal camishing. Hununocks 
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due to heaping are charac -eristic of year-old and mnter ice, and 
result from the pilinr' of large cakes on each other. When the 
cakes rise on contact they break and aoraetime take on a vertical 
positions Marginal crushing is usually a characteristic of 2- 
year-old and polar ice, TViis results from collisions of cakes 
of considerable thickness, with further he aping-up of ridges 
consisting of small fragments , along ohe edges of the cakes. 

In characterizing the humraocking of ice by means of the 
scale, note is also taken of the nature of the hummocks, ioe», 
idiether the hummocks are distributed over the surface in orderly 
or disorderly fashion, while t!ie height is also measured, ^jher© 
small cakes or ridges or barriers are concerned, hummockiness 
is not measured on the scale. In such situations, note is taken 
of the height of the ridge or barrier, its direction on the 
compass, and the distance between ridges or barriers. 

The height of hummocks above the surface of the ice cover 
must be aetermined out on the ice. If this is impossible, the 
hummock height, h, is deter-iinod from the shore on the Ivanov 
perspectometer scale of elevations, based on the distance to the 
hummock, d, by the formula h ■ d tg c< , 

The dominant and the maximum height of the hummocks are 
usually taken into consideration. In determining the dominant 
height, a number of hu-mocks are selected, which are most typical 
for the given area, and the average measurement is the one recorded. 
In some cases it is desirable to recommend aerial photography# 

These photographs make it possible to calculate both the area 
of the hummocked ice and the height of the hummocks (the shadows 
in stereoscopic slides being the basis for the latter determination. 

It is also of value to estimate the age of huimnooks (young, 
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old, polar)* A niaibar of indirect signs are used for this purposei 
th‘o thickness and color of the Ice at cracks, the weathering and 
thawing of the cakes and hummocks as a whole, the snow cover and 
the weathering of shapes, the latter being characteristic of old, 
polar hummocks* 

Disintegration of Ice 

External signs of thaw and weatherinr'r of ice are of hi^ 
practical importance* These signs appear in a specific order, 
each replacing the next. In 19^3, the Arctic Researcr Institute 
developed an experimental scale of disintegration based on complex 
evaluation of s mptoms of various stages in thaw. This scale 
has since been improved as a result of tiie experiences of observers 
working on the Arctic seas, and it has been further modified in 
the hydrometeorological Service. 

The disintegration of the ice as defined in the scale 
(Table 7) is evaluated by eye in te'imis of signs of thaw or mechanical 
destruction. In many places thaw and destruction of sea ice 
begin near the shore, where this is facilitated by the higher 
water and air temperatures, the flotf of water from the mainland, 
and the relatively high contamination of water and ice near the 
shore, 

TABLE 7 

ICE DI3r!\^TEaRATT0N SCALE 

{[Note]* Virtually the same scale is used in the Jfydrometeoro- 
logical Service. The Manual for Observations of the Ice on Arctic 
Seas, Rivers and Lakes by Arctic Hydrometeorological Stations, 
lssi»d by the Northern Sea Route Press, Moscow and Leningrad, 1953$ 
presents a give-point scale with more detailed definitions.) 


Points Definition of Ice Disintegration 

ti] {?] 
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[1] t?] 

0 Co’Tiplete lack of external signs of disintegration. No polynias 
or puddles. Ice fracture lines are sharp. The surface of the 
ice Is white. 

1 A few puddles. Cracks. No polynias, 

2 Many puddles. Some polynias. The edges of the cakes are rounded, 
and often form cornices overhanging the water. The surface of the 
ice is chiefly white, 

3 Many polynias or puddles, connected by streams. Most of the ice 
has a lace-like surfr'^'e, but the peninsulas between tiiaw 
polynias are still idiite or dirty brown. There are submerged 

I rams in the broken ice. Mushroom-shaped cakes are common. The 

j smallest cakes are very water-logged, and gray in color. 

h The ice is in an advanced state of disintegration due to thaw, 

and low in the water. Only elevated parts of cakes, very water- 
logged, and gray in color, project above the water. As in 3- 
point disintegration, the ice sometimes remains in the form of 
fairly large fields, but these are so interwoven with thaw 
polynias as to resemble lace. 

In addition to an estimate of degree of disintegration, the 
observation log should also carry sketches of the various types 
of disintegration comice, muohroom, or ram cakes etc. 

Observations of ice disintegration are conducted in all 
seas until the onset of the period of stable autumnal ice formation. 
After air temperature has steadily become negative, ice disintegration 
reporting ceases, to be renewed with the beginning of the spring thaw. 
If the observation point is very high or far from shore, check 
observations of Ice ibrms, huramockiness and disintegration are 
made from the fast ice or its foot. 
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<;■ Observatlona of tha Distribution o f the Ica and Sketch Render ^ 

Obaerrations of the distrlbutton of the Ice, and sketch 
rendering, is made b;, the naked eye, or thiough binoculars. The 
results of examination of the entire visible surface o ihe sea 
are entered in the correspond ing section of the Log of Shore Obser- 
vations of Ice Cover. Observations are made daily, but if the 
situation does not change over a period of days, it is not 
necessar: to provide a complete description of the ice distribution 
and the state of the ice cover on each occasion, ‘oinng such 
periods it is sufficient merely to note minor ohan;-es. At times 
when the picture Is changing, detailed descriptions are compiled 
daily. In making such observations, it is necessary to take note 
of the most Important and governing elements in the ice classific .tion 
and the state of the cover. 

First ons notes the portions of the sea covered by fast and 
drifting ice, respectively, and the course of the boundaries of 
each, particularly insofar as the drifting ice is concerned, the 
presence of polynias and channels in the fast and drifting ice, 
with Information as to their size and portion, and any data on 
floebergs, icebergs and stamukhi with number, dimensions, state 
and location. In addition, note is taken of disintegration or 
hum, mocking of the fixed cover, consolidation or break-up of the 
drift ice and the appearance of ice blink or water sky, and the 
direction in which they are observed. In addition, record is made 
of everything that may describe, directly or indirectly, the thickness, 
strength and penetrability of the ice cover, such as the closing 
and opening of summer and winter navigation, snow cover on the 
fast ice, the nature of hummock distrtbution, and heights; thickness 


of the drift ice, detailed description of the passage of vessels 
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through ice, ice crossings, and the beginning and end of any 
type of transportation over the icej aircraft runways on the 
ice, and the dates they go into and are taken out of service^ 
the initial and terminal dates of fishing through tfie ice, and 
dates on which hunters have gone out on the drift ice for sea 
mammals, etc. 

Reports of ice cover in Arctic seas must also specify the 
degree of contamination of the ice, judging by external indications, 
A special scale (Table 8) is used for this purpose. Observations 
of the contamination and color of the ice provide supplementary 
characterization of the ice cover, which sometimes helps to 
provide a more precise picture of ice dynamics. Thus, discovery 
in the open sea of a dirty cake surrounded ty clean fields, may 
help to resolve the problem of point of origin and direction of 
drift. High "contamination” of the ice is also a good sign of the 
intensity of thaw. 

At one time observers limited themselves solely to noting 
the presence of this type of ice. At present, however, it is 
recommended that note also be made of the degree of contamination, 
color shadings and, if possible, the nature of the contaminants 
(organic, niitera: , «=to)= Therefore, this aspect of the observations 
also includes stucies of various casual objects on the ice (drift- 
wood, boards, piles of stone, buoys), which may serve as benchmarks 
helping to determine drift. Sometimes artificial coloring of 
cakes is employed to permit subsequent Judgment as to their 


motion. 
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TABLE 8 

! 

CONTAMINATION SCALE 

([Note] From Manual for Observations of the Ice on Arctic 
Seas, Rivers and Lakes by Arctic Hydrometeorological Stations, No 3lj 
Northern Sea Route Press, Moscow-Leningrad, 1953 ) 

Contaninati on of ice, as percentage of total 
Balls visible area of ice 

0 Clean ice with trace of dirt 

1 Slight contaniination (lO-UO) 

? Medium contaoiination (UO-70) 

3 Dirty ice (70-100) 

In performing these observations one must also note the 
color of the contaminants (dirt) from the vantage point of the 
ice and, if possible, its origin (mineral, organic particles). 

The distribution of the types of ice is sketched from the 
observat on point evety 5 days: on the fifth, tenth, fifteenth, 
tweni teth and twenty-fifth, and the last day of each month. This 
is done on special forms, and to scales of lj?5,000, 1:50,000, 
1:100,000, 1:150,000, and 1: ?00,000. 

At Arctic hydrometeorological stations an ice chart must be 
sketched in daily, but if there is no visible change in ice 
conditions, this tnay be om tted. Once fast ice has reached the 
horizon, a sketch is made only once in ten days, this being 
timed with ice- thickness recording. 


Sketches of this type are drawn on outline charts of the 
particular body of water whose ice regime is under investigation. 
The charts show its shape and boundaries. With the ice observation 



/ 
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point as cantsr, concentric arcs or circles are drawn at 3 to 5 km 
intervals, the radius of t e outermost corresponding to the di stance 
to the horizon visible from the given point. Radii are also 
drawn along the f major points of the compass# 

When filled in, the chart carries the name of the b3dy of 
water and of the hydrometeorological s tation, the date and time 
the sketch was made, its scale, and the s.ymbols used to describe 
ice conditions. Before the sketch is drawn, the form is mounted 
to a special map-board (Figure II 4 )# To sketch in the ice forms 
on the chart, the distance to them is raeasu-^ed by the angle 
range-finder or by eye andthe direction is determined by orientation 
post or angle range-finder. The Ivanov perspec tome ter may also 
be used in determining the location of the edqes of fast ice, 
stranded hummocks, orientation cakes, polynias, etc. 

The edges of drift and fast ice, and the contours of each 
area of open water, with iso-lines for the borders of drift ice 
of uniform compactness, are entered on the chart in corresponding 
scale. The various ice forms are depicted by conventional s mbols, 
their frequency of occurrence in approximate ratio to ice 
coverage (consolidation) being indicated in points, the number being 
circled and entered in the middle of the given area. Other symbols 
are used to identify hummocks, ropaks, leads, polynias, cracks, 
thaw polynias, cracks due to currents, offshore wat©|*, water sky, 
ice blink, and channels cut by ships in fast ice . The charts must 
also shew roads on the ice, landing strips, and cross-sectional 
thickness of the ice if measured within 2 to 3 days# If less 
than 2/3 of the water surfaceiiof to)object is visible, observations 
are shifted to a later hour or the next day. Each blank chart 
so filled out is signed by the individiml who has made the particular 
observation# 
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The following la the order of proc dure in sketching the 
Ice from the observation postt the clean form is fastened to the 
board and oriented to the north (Figure l^a), idiereupon the 
shore line is drawn in, then the radial lines, and the boundary 
of the visible surface of tlie soa at ttie moment of objervation 
(Fij^re l5b) . 

Next the fast ice ed^e is located and entered (Firjjure l5c), 
This is to permit subsequent analysis of the growth of the fast 
Ice, the edge of which will be recorded at various stages of 
developmr’nt (Figure l!?d). 

Thereafter the de.gree of hummocking and of disintegration 
the fast ice is recorded (in points), and the typical hummock 
foms are sketched in, along with stamukhi and stranded icebergs 
(Figure l^e). 

Ne xt the edges (boundaries) of open water; and drift ice 
are sketched in (Figure l^f), the consolidation (coverage) of 
the latter (Figure l5 0j stnd indication as to the type of drift 
ice (Figure l^h) . 

6> Observation as to the Drift of the Ice 

Observation as to the drift of the ice made from the ice 
observation point is done by eye, or with the Ivanov pe rape c tome ter, 
the angular range-finder, or the theodolite (sometimes 2 theodolites 
are used). This work consists of determining the direction and 
speed of ice drift. 


in observations by eye, the direction of drift is determined 
with the aid of the orientation post or the compass. The log 
should show the direction in which the ice is going, i.©., that 
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of the e nejor points on the compass toward which the ioe is 
drifting. 

The rate of motion as determined fiwm the shore is recorded 
by means of the attached scale (Table 9), which is recommended 
by the Hydrometeorological Service and the Horthern 3ea Route 
AdministratioHe 

It is also desirable to use 2 range posts in a line perpen- 
dicular to the shore. The observation is made at the moment when 
the most characteristic cakes come in line with the posts. This 
increases the accuracy of evaluation by eye. 

More accurate data on ice drift ma; be obtained by using 
the Ivanov perspectoraeter or the angle range-finder, lighting the 
angle range-finuer on a cal^e previousl.; selected, moving one to 3 
km offsh(re, its location is deternined to within 0,1° by 
counting off on the horizontal circle, and to 0.1 mm on the vertical 
scsQ-e of the eye-piece. These are entered, along with the time 
of observation. Leaving the alidade of the angle range-finder 
in its previous position, the sight-line is aimed pX the visible 
horizon, and a reading is again taken on the scale. After 6 
•ninutes have passed, during which time the sighting line is 
moved along with the cake under study, a reading is again taken 
along the horizontal circle and the vertical eye-piece bar, ’idiereupon 
the range-finder is sighted on the visible horizon of the sea. 

The two directions thus found for the cake are entered on the 
form, the line of drift forming an angle to the right of the 
meridian. The direction is recorded to an accuracy of 10°. The 
distance between the 2 points at which the cake was seen is read 
off the chart and converted to km. The rate of drift, in km per hour, 
is now entered to an accuracy of 0.1 km. In determining the drift 
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of ice by means of the angle range-finderi it is necessary to take 
into account the maximum dis ance from the cake which depends upon 
the elevation of the instrument above sea level (Table 10)* 

TABLE 9 

SCALE OF ICE DRIFT SPEED 



Verbal description of rate of 

Rate of motion^ 

Points 

motion 

km/hr 

0 

No motion 

0 

1 

Motion barely discemable 

0-0.5 

2 

Definite motion 

0.5-1 

3 

Rapid motion 

1-3 

k 

Very rapid motion More 

than 3 


TABLE 10 

KAXTHIM D^STANCS TO CAKE 0B3SP7AEL^- BY AHQLS RANGE-FINISR, DEPEHDINQ 
UPON HSIGHT OF POINT 




Height of 


Eeij^t of 


instrmaent 


instruient above 

Maximum distance 

above 

Maximum distance 

sea level, m 

to cake km 

sea level, m 

to cake, km 

10 


ho 

3.0 

1$ 

1.1 

U5 

3.U 

20 

1.5 

50 

3.8 

25 

1.9 

60 

U.6 

30 

2.2 

70 

5.U 

35 

2.6 




To observe ice drift by the theodolite alone, the instrument 
must be mounted at the observat on point so that the nearest point 

- 26 - 





at the surface of the sea will be viewed from an angle of not 
less than i. 0 .| cakes will be visible from a distance equal 
to the height of the observation point. To deterpiine the distance 
to the cake under observation, a reading of the vertical angle 
CAB (Figure l6) is taken, the tangent to which is multiplied by 
the height of point AB, The readings on the theodolite panel, and 
data of wind and ice conditions are entered in the appropriate log 
book, 

a series of such observations is made, note is taken 
of the time, the point at vdiich the cake is located at various 
moments of observation along the directions obtained, and the 
distances entered on the radial graph used to work out piloting 
observations (Figure 17) or on the vector circles of Molchanov, 
Druzhinin and others, by connecting the extreme points via a 
straight line, we obtain the mean direction of drift, which is 
taken off the chart by a protractor. 

The rate of drift is calculated by measuring the distance 
between the first and last points on the drift of the cake under 
observation, and by dividing the magnitude thus obtained by the 
duration of observation, in hours. 

To avoid errors in distance the theodolite is always sighted 
at the same point on the calce. 

If the point is high enough a single theodolite suffices 
to deternine drift for 20 to 25 km, to satisfactory accuracy { 10 %), 

To speed the calculations it is desirable to compile a 
table with values for distances and speeds at the given point 
calculated for vertical and horizontal angles. 
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Observat^oas o/er ice drift by ? theodolites requires that 
a base line more than a km in length be laid out. The m jor base 
line is laid out on a smooth spot, if po sible, and is measured 
not less than 3 times witii a steel measuring tape. The pemiasible 
maximum error ^ust not exceed 0.0' 1. Observations of the drift 
of a chosen target cake by 2 observers are taken every hour, at 
moments agreed on l.n advance, the horizontal verniers being read 
(at ten-minute intervals), Excessively acute or obtuse angles 
must be avoided in taking bearings on cakes by theodolite. Angles 
of less than 30® and more than 1^0® must not be used under any 
circumstances. 

All observations on ice drift must be accompnaied by deter- 
mination of the speed and direction of the -wi-nd, the consolidation 
of the ice in points, its appearance, cake sL^ies, and degree of 
hunmocking. All these data are entered in the log. Cake sizes 
and hummockiness are entered as remarks. 

In ice drift observat ' ons, the sea in vrilch this is being 
done must bs taken into considerat on. In seas without tides a 
single observation suffices, but in seas with tides, depending 
upon the t. pe of tide, the observations are run continuously for 
13 or 2^ hours, so as to cover a complete half-day or full-day tidal 
cycle. 

Elaboration of the observations Is perfomed on jum-ruled 
graph paper, on which the shoreline and the 2 points have been 
drawn to a specific scale. Circles of any desired radius are 
drawn from the 2 points of observation. The circles are divided by 
degrees (the northern portion of the meridian being 0®), and 
represent the visible portion o ‘^ the horizon (Table 18) . These 
circles replace the protractor, and thereby greatly speed the 
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lapping of tho points t'au obtained, Ihe true aziniutih3 of the 
cake tros observed constituting corrected readings on tlie 
'oriaontal vernier, are applif:d for each point. The point at 
which these azmiths intersect is the location of the cake at any- 
given r-oment. The points obtained are successively connected by 
lines, and these reveal the course ^ollowpd by the cake. 


The line connecting the Initial and terminal points of the 
drift shows the ^.ean direction of drift o ' the cake, and its length, 
divided by the time repre^^ents the average rate of drift* 


The final data a’^e entered In a log, following the form 
shown in Table 11. 


TABLE 11 


average 


Nature of ice 


consoli- 


Date Series Hrs Min direction speed direction m/sec type dation Remarks 


In the “Time" column, the time, to the minute of the start 
and finish of each series of observation is entered* The data 
entered in the remaining graphs apply to the entire series of 
observations* 


R* N. Ivanov Perspectometer (7B-U9) 


This instrument designed to measure wave c craponents is 
also used for a number of other types of observations including 
ice studies (Figure 19)* 

The instrument permits determination of drift, surveying 
of the edge of fast or drift ice, measuring the height of hummocks 
and stamukhl,., and determination of the size of cakes and leads. 
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The perspectometar Is incapable of replacin? the rod range- 
finder, as its application is limited by its 'rid to a radius of 
? to ^ km* 

In seas with tides, in which the tide is not smaller than 
Oefj m, all observed max^nitudes are corrected by a factor, K, which 
depends upon the rl^ase o” the tide at the moment of observation. 

This correction Is obtain-d by subtracting the sea level at the 
moment of th-' reading, from the elevation the optical axis of 
the instrument over zero on the tide ;'age. The s a level is 
determin''^d by dip rod or by re ad in ' fr^.m the mareograph tape* 

The Ivanov Instrument consists of a monocular (l/2 of a 
6 X 30 prism binocular), fixed in p.^rmanent position to a stand 
carrying a prism. The stand rests on a knife-edge and is fastened 
by screws to a mount, which is rigidly attached to a disc rotauing, 
with stand and tube, over a dial. The dial also is capable Oa 
rotating through 360° around its vertical axis, and is fixed at 
any given coint by a stop screw. A micrometer gage enables the 
tube to be sighted very accurately on the desired glacon. The 
dial is connected to a support with 3 li t screws resting on a 
platform fastened to the foundation o’" the instrument. A level 
in the disc is used for levelling the instrument in place. 

A perspective crid (Figure 20) is mounted in the monocular. 
The grid has a distance scale, 1, which is used to measure the 
distance to a point on the ice, In km. One graduation on the 
distance scale in the portion from 0.1 to 0.3 corresponds to 10 m 
on the surface oi* the sea while it is 50 m between 0.3 to 0.5, 100 m 
between 0.5 s^d 1.0 and 500 m between 1.0 and 2.0. 

The vertical scale, 2, to the right of the distance scale 
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permits determination the height of ice fomations, such as 
hummocks, stamtikhi, icebergs, etc* 

Each graduation on this scale represents 0.5 m, as indicated 
toward the top of the grid* 

The lines h’ mbered 3 on the grid which join horizontal line I 4 , 
representing the surface of the sea, correspond to parallel lines 
5 meters fr-'m each other. These lines are used to oeiermine the 
■•’ate of motion (drift) of ice moving perpendicular to the beaa 
of vision* 

In setting up the VB-h9 perspec tome ter at n Ice obser'/ation 
point, no^e must be taken of the data at the top o^ the prspective 
■~rid. Thus, if H b 10 m, the insbrimient 1:. set up 10 m above 
sea level, in which case the horizontal l^ne I 4 of the grid is 
focussed on the image of the visible horizon at sea, and the 0° 
mark on the dial must face North, Next, the stop screw fixes the 
dial in place. In addition each perspective grid carries a 
constant, HP, representing the product of the height of tne 
instrument foundation and the focal length of the viewing tube. 

(a) Ice drift deter-iination with the YD-U9 ma; be by 3 methods, 
depending up n the direction and rate of motion of the floes. 

The first method is used when ice is drifting rapidly along 
the shore, the second ^en ice is moving slowly in the same 
direction, and the third, when ice is drifting toward the shore 
(in the area of the ice observation point) or away from it. In 
the first case, the distance is determined along the range scale, 
and the direction to the best target cake along the graduated dial. 
These data and the time, are entered in columns 2, U, and 5 of a 
special log (Table 12). six minutes have passed the observations 
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are repeated and again entered in the journal. Should the direction 


toward the cake change by 30*^ or more during the 6 minute period, 


that is the end of the observation. Should the position have 


changed by less than 30^, a third observation is made 1? minutes 


after the initial reading, and so on, until t: e total change in 


the position of the cake has changed by 30*^, 


All the angle s of direction and measured true distances to 


the cake are entered on a si 'cial blank, where the position of the 


perspectometer is also.not^d. The points thus entered are 


connected by a broken line which describes the actual drift of the 


cake (Figure 21), 


By connecting with a straight line the extreme points of 


the course followed by the drifting cake, we find the general 


direction of drift (ODD) of the cake for the period the observations. 


The general speed o'’ drift (G3D), In m per second for the 


entire n -riod o‘" the o' nervations is calculated on the formula 


in wr.ich L is the distance between the extreme Dositions of the 


cake in m, taken off the plot, and t is the period of observation, 


in minutes. 


All tie results of elaboration of ice drift observations are 


entered in columns 12 to 15 of the log as shown in Table 12, 


When drift is insignificant, i.e*, when the angle between 


the points recorded at 6 minute intervalsis less than 5*^# recourse 


is had to the second method of determining drift. In this 


situation the perspectometer is mounted so that the best target 


cake drifts along one of the horizonal lines of the perspectometer 


grid, a stop-watch being started when the target passes one of the 
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? outside sloping lines of the grid (10 m ) . the target pfis^es 

the other outside sloplnfT line, the atop-watc is shut off. 

The results of the stop-watch and perspec tome ter dial 

readings are entered in columns ?, L, 6, and 13 of the log (lable 

0 . 

1?) , If the target cake drifts from left to right, 90 is 
added to the dial reading. Vice versa if the drift is from rignt 
to left, 90^ is subtracted. 

The speed of drift is calculated on the forinula 
20K 

V . ^ 

in which v is thf- rats of drift in m per second, 20 is the distance 
in m between the 2 sloping lines on the grid, K is the coefficient 
of correction, and t is the period oi' observation in seconds. 

The daoa on the direction and rate of drift are entered in 
columns Ih and 15 of the log. 

When the third method of ice drift determination is used, 
the perspec tome ter is mounted so that the sighting axis follows 
the direction of drift. Then the best target cake is brought 
into line with one of the 23 :*aduations on the distance scale. At 
the moment that this occurs a stop-waten is set in motion. It is 
turned off after a brief period (100 to l50 seconds), wl^n the 
cake having traversed several graduations on the scale, is 
directly in line with on© of them. The readings of the dial, the 
stop-watch, and the difference in readings along the distance 
scale representing the space traversed by the cake during tiie 
period of observations, are entered in columns U, 5j and 13 of the 
log (Table 12). If the cake drifts toward the ice-ohservation 
point 160° is added to the dial reading while if the drift is away 


i from that point, the same number of degrees is subtracted. 
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The rate of drift, v, is calculated oa the formula 



in which L is the distance traversed by the cake in m, t is the 
(Juration of the drift in seconds, and K is the factor of correction. 

The data thus obtained on the direction and rate of drift 
are entered In columns Ih and of the lo-. To con.ert the rate 
of drfft (given in m per second) into km per hour, one multiplies 
by 3.6. 

(b) The edge fast or drift ice Is sur eyed along the 
distance scale of the perspectomster, along which distances are 
measured to tyr-ical points along the edge. A, E, C, D, , G, a, 
not more than 2 km from the Instruiaent (Figure 22). The angles 
toward these points are read off on the dial to an accurac;. of 1^. 
Ihe distances and angles thus found are entered in columns h and 

5 of the log (Table 12). The true distance to each point on the 
edge is calculated by multiplying the ata o. tanned by the 
variable factor K (column 9). The product is entered in column 10. 

The directions anc true distances are entered, in accordance 
with the appropriate chort scale, on special foimis where the point 
at T^ich the pens pec tome ter has been mounted Is first indicated. 

-The ice edge line is found by connecting the series of points on 
this form. 

(c) The hei^t of hummocks and stamulchi is measured on 
the ele ation scale of the perapectometer, to the right of the 
distance scale. The raeasurepient consists of cietermining the 
number of graduations on the scale between which lie the entire 
height of the hisffinock or stamulcli from foundation to base. This 
number of graduations is multiplied by the value of each graduation 
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on the scale of ele'/ations , and by the -ariable factor K, For 
precise measurements it is recommended that the height of the 
highest bimmock, and also of 10 hummocks of standard height be 
measured, the mean eing taken. All the observations are entered 
In columns 7 and 11 of the log (Table l?)o 

(d) Deter -iinat.1 on of tha horizontal dimensions of the 
cakes and leads by means of the perspectometer is done along the 
distance scale# In doing so, the distance to the forward and the 
rear edges of the cakes or lead are noted, whereupon the readings 
are rultipled by the variable K, The difference in the true 
distances expresses the length of the floe or lead in 1cm ♦ The 
data are entered in columns ^ and 10 of tie log (Table 1?). 

7. Determination of the hidtli of the Fast Ice 

Determination of the width of the fast ice is performed 
not less than once ^‘n 10 days after completion of observations 
of the state and motion of the ice. The width is always measured 
in the same direction and toward the most open portion of the 
sea, usually perpendicular to the shore. With this object, a 
rar^e rod is erected t a point close to the ice observation 
point. Markers are frozen into the fast ice some distance apart 
for use with this rod. The distance between the markers depends 
upon the width of the fast ice. If it is wide, they are set up 
0,^ or 1 km apart, but if narrow the; are spaced 100 m apart. 

The width of the fast ice frcm the shore to the edge may 
also be paced off or taped off from the range rods on the shore. 

The width of the fast ice must be determined to within 10^ 
of its maximum possible magnitude. Thus, if it is ^ to 10 m wide, 
the accuracy must be to within one m, while it is from 5 to 10 km 
it must be to within one etc, 
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R 

If the width of the fast Ice cannot be measured directly 
from the ice itself this is done from the shore by eye or with 
the aid of the Ivanov perspectometer or the angular distance gauge. 

If the width of the fast ice undergoes very little change, 
the>'e is no need to repe t the measurement. All that is needed 
is to mount a high marker at the edge. Thee it is easy to 
deteiritne changes in width without going out on the ice, 

I - 

I If for some reason it is entirely impossibl to measure the 

i . width of the fast ice but the poin", to which it extends is known, 

! 

I its width in km is entered in the appropriate column of the graph 

I by takin^^ a map reading, 

I If visibility is limited, or if the edge of fast ice is beyond 

the horizon, the visible sea surface, in km, is entered n the 

j coliunn for fast ice w5dth and ahead of it the symbol ^ , 

I [See page 37 for Table 12] 

If no determination of the width of the fast ice has been 
made, this column is crossed out, and the reason for the failure 
to conduct an observation is stated in the remarks. 

In addition to detemining the width of the fast ice 
in the usual direction, the entire visible fast ice is examined 
each day by eye. 

6, Observation of the Thickness of Ice and Snow 

Observation of th ■ thickness of ice and snow consists oft 

(a) systematic measurement of the full thickness of the ice. 

In certain cases, this is supplemented by measurement of the thickness 
f of various layers of ice: the clean, transparent, bluish or greenish 

I layer, the ice without significant contaminants (hydrophytes, siltj, 
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P ? ^ 


Object (ice edge, target 
cake, etc) 

Direction of object, in degrees 
on horizon: al vernier 

Distance in km, as 
per distance scale 

Distance bet'ween outside con^-'erging 
lines on grid, converted to zn 
No of graduations on 
scale of elevation 

Value of one graduation 
on elevation scale, 


so Variable factor K 


H Distance to object km 


H Height of object, m 


Distance the cake has 
floated, m 


Time of observation of 


drift, seconds 


^ Direction 


H Speed 


Components of drift 
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sand, etc) or enclosed spaces (air bubbles), the translucent, the 
cloudy, and the completely clouded ice, opaque due to large amounts 
o.f CO nt an inant and air spaces; 

(b) debemination of the thickness of the snow cover over 
the ice, and under certain conditions of its density; 

(c) measurement of the thickness o' the sludge below tl.e 
ice; and 

fd) description of characteristic processes invol ed in the 
Frrowth, deformation, and thawing the ice. 

Systematic measurement of the thickness of the ice and 
snow, and of the submerged sludge, is performed in order to study 
the growth and thawing of the ice cover. Therefore, these 
measurem-nts are taken daily at the beginning and end of the winter, 
while, in midwinter, when the ice cover has stabilised at more 
than ?0 cm, the frequency of measurement is reduced to 6 times 
per month: the first, sixth, ele enth, sixteenth, twenty* first 
and twenty-sixth. The measurements are made at 2 spots on the ice 
which are al^-ays the same, a base point, and a suoplementar, 
point, which are chosen for the fact that they are undisturbed through- 
out the winter. These points must be at spots where there are 
no strong currents, flow-off o" surface . ater, or the effects of 
other factors which ral-'ht tend to distort the course of the 
natural growth and thawing of the ice. 

These points must be on fast ice which came into existende 
at the test spot. 

The base point is some distance out from shore, where the 
depth la over 2 m. The supplementarj point is closer to shore. 
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but where the sea Is deeper than the maximum thickness attained 


by ice in the given area» Should port hydrolics and other structures 


exist the supplementary point is fixed at one of their water-shed 


portions • 


Observations of the thickness of the ice, snow and sludge 


are run during the entire period during which the ice cover is capable 


of sustaining the weight of a hximan being. 


The points chosen should also be near the ice observation 


point or hydrometeorological station. Sach time that a thickness 


measurement is to be taken, ? holes, 30 to UO m arart, are driven 


into virgin ice. After the thickness of the ice has been measured 


the holes are again packed with ice, and markers are frozen into 


them to prevent repeated use of tho:;>e locations, as this would 


provide unreliabl findings. One may also set up a permanent rod 


for systematic determinations of the rate of ice thickening and thaw. 


The following may be used to drive or drill these hoisss 


an ice-pick, a borer, QGI and GQI-U? ice drills, and hand-operated 


ice drills. 


The ice-pick (Figure 23) is the simplest of the devices 


used to drive holes in ice, anc consists of a wedge-shaped metal 


rod, UO cm long, the top of which becomes a socket, 20 cm in length, 


in which a wooden handle is seated. The handle, thick at the bottom. 


becomes thinner toward the top, and has a ball-shapped tip to 


prevent it from slipping out of the hands. Oreater security is 


provided if a hole be drilled below the ball tip, through 


which a loop of cord or thong is fitted, which is worn on the 


hand, A steel tip is welded to the point of the metal rod, the 
tip being sharpened by a file, when necessary. 
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Ice-picks may be of various dosigoa, such as the be/ellad 
form shown in Figure 2h, the Cnukchi-style ciiisel-shapad pick in 
Figure or that with a round crous-s 'ction shown in ■ igure ?6* 

In breaking through the ico it is important that the walls 
of the hole be vertical, and not narrowed at the bottom. The sides 
o-’ the holo should be soraeidiat conical in fom only if the ice 
is more than O.d meter thick, while i" thickness is greater 
than a m, steps are cut in the side, anc the conical shape 
is considerably increased (Figure ?7). This type of hole is rather 
like a prospecting pit. To remove the ice from a dry hole of 
little depth, an iron scoop shovel is used, or a pail if the 
depth is considerable. If the hole fills with water, the ice 
is taken out with a net (Fieure 2 ), or an iron shovel with a 
sieve center (Figure 29), 

A borer (Figure 30) is used if the ice is of considerable 
thickness, ana it is difficult to make the hole with a pick. The 
borer consists of a steel tube about a meter long, with a diameter 
of 7 to P cm, anc a wall thickness of 3 to mm. • The bottom of 
the tube has 10 sharp 12 nim teeth, elliptical in shape and facing 
a little outward. 

The top the borer consists of a massive, demountable 
metal head, somewiiat below which 3 holes are provide. • An iron 
bar is passed through 2 of these, which face each other, and is 
used to ’’’otate the tool. The third is to permit escape of air* 

The borer is driven into the ground by a h or ^ kg sledge ha.?:mer, 
which is brought down on the metal head. After every few blows, 
the borer is taken out of the hole and cleansed of accumulated 
ice whereupon it is replaced in the hols with a finger over the 
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air-hole on the tube, and th'^n quickly pulled out the hole, 
which is thus cleansed of residual ice fragments. 

About ho minutes are normally required to bore a hole 
through ? m of ice in this manner. 

In work on very thick ica, a series of borers of varying 
lengths are required, sr.ort ones being used first, and longer 
ones as the hole gets deeper. 

^en the thickness of the ice cover exceeds $0 cri, ice 
drills are used with high ef ‘ ectiveness, in addition to the ice- 
pick and the borer. The drills now in widest use are the GG-I, the 
QGI-U?, and the hand ice drills used in polar seas. 

The GOT ice drill (Figure 31) consists of a 10 cm d’-ill and 
a metal handle fastened to the top of the drill. The drill bores 
through the ice unvder the blows of a sledge-hammer on the handle, 
which is rotated after each blow. 

The Q3I-ii7 ice drill (Figure 32) is of later design tnan 
that p-'^eviously discussed. The Crll-ii7 drill consists of a brace 
and bit. It comes in 2 sizes. For ice up to one m thick there 
is a 10^ cm bit, while for thicker ice the bit comes in a 200 cm 
Irngth. The bit is of steel UO 'im in diameter with 120 mm pitch. 
The ooint of the bit is tempered. The work begins by fastening the 
brace to bit tightly by means of a bolt. Drilling is performed 
with the brace rotated at an even pace, and slight pressure on the 
handle. The rate of drilling is 0.3 to O.h m per minute. 

The hand-operated ice drill (a large brace and bit) is 
usually used in polar ice (Figure 33). This drill is of steel, 
with a brace-holder of iron tubing, welded on. The handle has a 
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hand-hold dowel mi. way in its length* Either one or 2 persons 
operate the drill, depending upon its sharpness, an tiie thickness 
and solidity of the ice* 

(a) Measurement o’ the thickness of the ice in the hole is 
performed immediately after .etermination of the thickness of the 
snow cover* First the snow thickness is measured and then 0,3 to 
0,< of ice Is cleared of snow whereupon the hole is driven* 

The thickness of the ice is determined by an ice gauge, which is 
lowered into the hole with care to keep it in a vertical position. 

The angled end is hooked under the bottom of the ice. The first 
reading is taken at the graduation of the gauge even with the 
bottom of a board placed on the ice ano thus -iving the thickness 
0 ^^ the ice. The second reading is to determine the depth of water 
in the hole. This re /eals how deep the ice is floating in the water. 
Both measurements are taken with care to read within one cm accuracy 
at U different points in the hole* The findings are entered in 
the corresponding column of the log. The same procedure is followed 
at the second hole which is ?0 to 30 ra from the first. Should the 
measurements in the 2 holes show marked divergence, readings are 
taken In a third hole* If the snow cover is considerable, the 
possibility exists that water may accumulate on the surface of the 
Ice beneath the snow. The thickness of this layer of water is 
measured with the snow gauge and entered in the ’’Remarks" column 
of the log. In such a case, the thickness of the ice expresses the 
difference in the measured depth of immersion of its undersurface 
and the depth of the layer of water on the ice. 


When these readings have been taken, the depth of the sea 
is determined. 
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from the hole to the sho^’e* Bependin : upon the purpose of’ the 
observations, the distance is measured in either way or is deter- 
mined approximately by eye. 

Various instruments, a desor ption of which is r-iven below 
are used to mQa3u>‘e the thickness of the ice. 

The slidins; ice gage (Figure 3U) consists of 2 partsj the 
primary long part divided into cm and having a trans erse jaw at 
90^, and a movable jaw sliding on the other. When the 2 jaws 
touch, the pointer attached to the movable jaw s-hows zero on the 
main section scale. 

To measure the thickness of the ice, the fixed portion is 
Imme' sed in the hole, and its jaw is hooked i eneath the ice, Wi.ile 
the mo- able jaw is then fitted closely to the top of the ice, 
whici has been freed of snow. 

The ice ?age with angle brace (^gure 3o) which is the type 
most widely useo Consists of a straight wood yardstick, 200 cm 
long (sometimes 230 cm) ^ 6 cm wide and cm thick. Both sides 
of the rod have scales, one of which is used to measure ice thickness, 
and the other, snow thickness, Tt e zero point on the scale is 20 cm 
fr ni the bottom of the rod which is faced with iron and is at the 
same level as the top of the angle brace vdiich is hooked beneath 
the ice when measurements are made. The angle brace also of wood 
is fastened flush to the yardstick by screws. The cm markings 
are painted alternately white and black upward fr:>ra the zero point. 
Every 10 cm ttiere is a number marking. The other side of the rod 
also carries cm graduations on a scale 100 era in length but reading 
in the opposite direction so that the zero point is at the top of 
the rod. This scale is designed to measure the thickness of the 
snow cover. 
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The collapsible Ice gage (Figure 36) like that witt an angle 
brace is in veiy wide use. It is a wooden cm graduated rule 11^ 
cm long (2^0 for tl ose to be used in polar hydrometerological 
stations), cm wide and 1,5 cm thick* A metal cross-piece 
which wren in horizontal position, rests so that its top is at 
the zero point on the scale is 15 cm from the bottom ot the rod. 

The metal piece rotates around a bolt and is actuated by a pullrod 
attached to It and hold in place by 2 collars mounted on thie rod. 
The top of the pull-rod is looped for ease in manipulation. The 
metal cross-piece is placed in the ertical position when the 
gauge is lowered and raised from the hole and in the horizontal 
for grioping the bottom of the ice. 

The steel ice gauge shown in Figure 37 usually c^mes as 
part of a set with the I-ii7 ice drill previously described and 
is designed to measu-r’e ice thickness in the aperture drilled by 
that tool. The gauge is usually 105 cm long but is also made 
in a 200 cm length depending upon the thickness of the ice cover. 
The upper portion of the steel gauge terminates :ln a wooden 
handle. A bit lower there is a hilt to pre ent the gauge from 
slipping through the hole in the ice. The bottom of the gauge 
has a support lever spring- actuated and a catch which engages 
the sprinr and holds the lever in a position normal to the gauge. 
One side of the gauge carries a cm scale^zero being e en with the 
top of the spring-actuated lever when the latter is in the 
horizontal position. When the gauge is placed in the hole, the 
lever is held by the catch and thus parallel to the gauge, When 
the gauge is raised, the catch is released by striking the 
undersurface of the ice, and the lever thus braces underneath in 
a horizontal position. 
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[ The stationary ice gauge (Fij^ure 36) is a rod within a 

i 

5 tube frozen into the Ice. 2 probes are attached at an angle to the 

I bottom of the rod. One s de of the rod is a graduated cm scale. 

It terminates In a handle at the top. To measure thickness the 
probes are immersed below the ice and readin s are taken on the 
scale along the rod, at the graduation even with the top of the 
ice. Should the tube project above the ice the height of this 
portion of the tube has to be allowed for. Thus, the stationary- 
ice gauge permits dally observations of ice thickness and 
elimin tes the hea-vy labor involved in sinking new holes. 

The ice thickness register (Figure 39) like the stationary 
ice gauge makes possible daily readings of ice thickness all winter 
long without heavy labor, j^aily readings are of particular 
interest during the periods of growth and disintegration of the 
ice cover. The thickness register consists of a tube ? to 3 
centimeters in diameter and 3 m long. A piece of metal is 
fastened to the bottom of the tube and at right angles to it 
being held in place by a bracket. Tt carries 2 pulleys the purpose 
of which is to reduce the friction on a cable passing through the 
tube and carrying a hollow ?0 cm glass float with a lift of 2 
to 3 kg at its end. The other end of the cable with a pin fastened 
to it as pointer is fastened to the surface of the ice. The 
thickness of the ice is read off by means of the pointer along a 
vertical gauge set on the ice alongside the tube. The whole 
apparatus which rests on a wooden block at the surface is frozen 
Into the ice. The tube Is filled with kerosene to prevent water 
within it from freezing. When ice thickness measurement is taken 
the cable is unfastened, brought into fully vertical position and 
the float is allowed to rise to the undersurface of the ice. The 
I displacement of the pointer relative to its initial position, which 

i ■ ■■ ■ 
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i3 read off on the gauge at the heglnninfir of the measurement, makes 
it noasible to judge changes in the thickness of the ice. To 
prevent the float from freezing to the ice it is kept at some 
distance below except when measurements are under way. The 
readings are double-checked from time to time by dig?;ing a hole 
near the ice register. 

The Georgievskiy floatin;' ice gauge (Figure kO) is also a 
permanent de /ice. It consists of a tube ^rozen into the ice 
conta'ning a gauge w th cable attached. The cable connects the 
g,quge to a yoke with probes at both ends. Attached to the yoke 
are floats which move freely al-^ng the tube. Kerosene is poured 
into the tube to prevent forfaation of ice within it, ^en an ice 
reading is to be taken a dowel is removed from one of the holes 
in the gau-e and the rising float carries along the cable and 
the gauge bar until the probes touch the bottom surface of the ice. 
The reading is taken at the gage graduation ^ich appears at the 
top of the tube. To prevent the probes from freezing in the ice 
the gage bar is raised somewhat and held in place by a dowel, ^he 
tube is fastened to a cross-bar v/r ich is frozen into the ice. 

This facilitates maintenance of the apparatus in working condition 
until spring when the heating of the tube causes the ice around 
it to thaw with special rapidity, The surface thawing o^‘ the ice 
may be followed by the use of a simple attachment consisting of 
a small tube placed over the main tube frozen into the ice, the 
added tube carry ng a lever arm and probe. The surface thaw 
is measured by determining the distance between the top of the 
main tube and the bottom of the second tube placed over it. 

(b) Determination of the height of the snow cover, like 

observations of the snow content of ths ice has the purpose of 
revealing the thickness of the snow, the nature of its various 
strata, the forms of snow formations on the ice (smooth or uneven 
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surface, drifts, sastrugl, etc), and is conducted before the ice thickness 
readings, while the snow cover is undisturbed* In addition to deter- 

mining the time when the snow cover was formed (whether it is fresh or old), 
this data makes it possible to identify the period required for certain ice 
processes to take place, ice d;>namics and the rate of growth of the thickness 
of the ice. Thus, if there is no snow on hummocks in winter, this is evidencQ 
that they are of recent origin, while a thick deposit of snow means that the 
ice formations thus covered are quite old* Tne direction of the sastrugl is 
a good indication of the prevail In;* winds and thorafore of the drift. An 
anomalously large or s'^all aitiount o* snow ov'er large areas of ioe testifies 
to corresponding peculiarities in meteorolo i al conditions which are 
of interest in ice prediction* 

These observations to which little attention was paid in the past 
are now included in the progran of work un.: 0 r all conditions: at hydro- 
meteorological stations. In oross-sect ions t aken when travelling, in 
shipboard and air-bome Qxreditions. 

betermination of snow thicknesses by means of a portable wooden or 
metal snow gage, which is placed on ice having undisturLsd snow cover at 
a point 3 to ^ m from vrfiere a hole is to be drilled in the ice* The gage 
are taken at various points in th' vicinity of the hole, the average of these 
being recorded* The absence of snow at any of these points does not affect 
the manner of taking an average* All snovj cover readings are entered in 
the corres rending column of the log, 

A snow scale (Table 13) has been developed by the Arctic Besearch 
Institute to classify the snow cover. Use of this scale may be recommended 
for observations taken at the Hydrometeorological Service stations* 

The portable wooden snow gage (Figure Ul) is made of a smoothly 
planed stick of dry wood 100 cn; long. It is k cm wide and ? cm thick. The 
bottom of the gauge has an iron tip cm long. The scale is in cm the gra- 
duations being of the same color as the numbers which represent tens of cm. 
Zero on the scale is at the base of the iron tip. 
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TABLE 13 SNOW COVER SCALE 
Points Description 

0 No snow or occasional patches of snow 

1 A thin uniform snow cover not over S cm thick or alternation of smooth snow 
cover and patches of bare ice constituting 20-10% of the surface in question 

2 < to 20 cm snow cover with small sastrugi drif s and soctioriS of bare ice 
constituting: 10-305^ of the area in question. Drifts cover humraocks up to 50 cm 

3 ep snow cover, more than 20 cm on the a/erage with no spots of bare ice and 
large drifts sometimes covering h’im ocks up to 1.5 m in height. 

A metal snow gage (Figure U2) is used at polar hydroraeteorolo • ical 
stations and in cases where the snow cover is so dense as to present consider- 
able resistance to the wooden gage, which wears out rapidly as a res It. 

It is sometimes impossible to get through the entire thickness of snow with 
the wrjoden gage. 

The metal gage Is of circular section and Its cn; graduation begins 
at zero which is at the point tip. The angled top of the gage is notcned to 
carry a s'^o-- weight scale, which l:i suspended by a rim: with the gag© 
drivel, into the snow. 

(c) The thickness of the sludge below the ice is measured by the ordi- 
nary ice ga^e, the slud'^e pole, or the Dobrynskiy o'r' Qroshev sludge gages. The 
sludge becomes visible as soon as the hole has been .iriven as individual lumps, 
the form of which is characteristic nly of sludge, float to the surface 
of the water in the hole. The gage reading Is taken at the moment when the 
observer, raising the gare, finds that it has beco e difficult to turn it 
in various directions, indicat inT that the angle bar of the gag© has come 
Into contact with the bottom lajer of the sludge. The graduation on the 
gage corresponding to the water level in the hole Is entered into the log 
book. The reading is done t.wlce, an avera e teing taken, rounded off to one cm. 

The sludn© pole (Figure h3) consists of a gage graduated to cm scale and 
having a hinged heavy iron rod bow at its bottom, 'jihen the pole is sunk into 
the hole the bow Is swung upward anc Is in the same plane as the pole. To 
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determine the thickness of the sludge, the bow is brought into horizontal 

position by means of a thin cable held by ? hooks running alon ;aide the pole. 

It is than slid unv.er the sludge. After the reading Is taken the bow is 
lowered to its bottom position for removal from the hole. The reading, less 
the thickness of ice corresponds to thickness of slud:?© beneath the ice. 

The Dobrynskly sludge gage (Figure Ui) is for measuring sludge of 
verar^e consistency not over U ru thick. The gage consists of a wooden pole 
about ^ m long and ^-7 cm in diameter, to which a pronged steel tip is 

fasted by screws. The tip consists of " flat fingers lO-^O c/n long diverging 

at an angle of PQ-30^, The gage is graduated by decimeters. The thickness 
of the sludge is measured by immers ng the gage m the hole and raising it 
slowly until t!;s pron'^s meet the bottom of the sludge, a point where further 
riaisng of the polp? encount-^rs some resistance. 3 or U readin 3 with the 
pron^^s In various positions are averaged. 

The Groshev sludge gage board (F'igure U5) pensiits measurement of layers 
of sludge more than h m thick. It consists of a sheet of iron 100-150 m long, 
10 cm wide and 2-3 crri thick. The end is pointed to permit drag ing. Its 
own weight (up to 30 k-r) enables it to sink readily tlrough the entire layer 
sludge. Hole are bored at each end of the board anc cable, marked 
off every 0.5 decimeter is threv.ded though them. A ring through which a 
second cabl?" passes is attached to one end of the cable at about l^O-lbO an 
from the board. When the sludge ga-e board is lowered into the hole it is in 
a Vertical position. To bring it into position below tiie botto’; of the sludge 
It is moved into the horizontal position by evening out the ends of the 
cables. After the reading has been taken along the cable graduations the 
board is again moved into vertical position and removed from the hole in 
this manner. 

(d) Characteristic processes typical of the thawing of the ice# 
Observations of the thawing of the ice from the surface begin with 
the appearance of the first signs of thaw and are usually 
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conducted once a day always at the same hour. The simplest device 
for determining extent of thaw is a wooden gage, painted white 
2? to 3^ mm in diameter and 2 m long frozen into the ice before 
thaw begins (Figure ii6) • A zero mark is made on the gage, level 
with the surface of the ice. Daily thaw is measured from this mark. 

In taking a reading it is desirable to lay a board on the 
ice alongside the .?age. Th ? distance from the bottom of the board 
to the zero mark represents the dally thaw reported in cm. 

To observe disturbance oi the natural surface of the ice, 
dirtying it must be prohibited as must unnecessary’ walkiiii', near 
the gage. 

The log should carry the date and time o*‘ the reading, the 
identification number of the gage, total thawing since the beginning 
o*‘ measurement, daily thaw, the thickness of the layer of thaw 
water at the gage, the color of the ice surface and various other 
observations. 

9 . Observations of Hydrometeorological Factors 

Observations of hydrometeorological factors are made at the 
ice post a few minutes (5 usually) before the ice observations. 

Aside from a visibility report this consists of de term in at ion oi 
the speed and direction of th- wind and a descriptio.. thereof 
(mild, intermittent, constant), its duration (when possible), 
and determination of factors o disturbance in accordance with 
regulations. Data on changes in sea level and the temperature of 
the surface layer of the water at the time closest to that of the 
ice observation is obtained from the log o’ the nearest adjacent 
hydrometeorological station. If the ice observation point is near 
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of not rnor'o than nno hour 


such a station an<i thoro is a l-ip;r- 
betwoen tho ice anri meteornl icnl oi ..orvationn tlir* wind 3|V»od and 
direction may be taken irom the ma i.ooro I Oi-py lo;% 
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[Pages 88-9?] 

The vario !3 typos of obser vations made durin^^ expeditions 
o er the ice each have their own speci 'ic characteristics. Below 
we present the p-^ocedurea In the most important types of observations. 

1. vStudles of ice cover involve a description o ' the nature 
of the ice 'n the area under observatf measurement of its thickness 
th“ taking of soeciraens fo'^- laboratory tests, and detorniination of 
ice structure. 

In addition to description of the nature of the ice cover 
(level, hummocky, disordered hummocks, pressure ridges In particular 
di recti c^ns, etc), symbols are used to enter on the map a .fairly 
detailed description of the ice over a atrip about 2 km wide. 

Toward this «nd one notest the me Ian and maximum height 
of hummocks, other d msnsions o' hummock formations, leads and 
cracks, with their widths and directions, puddles, the dimensions 
of thaw water pools and or>en water caused by currents, exp^ansos 
of open water, with indications of size, the state of the road for 
all typ^ 8 o' transport, channels cut by icebreakers, etc. 

In addition to the foregoin?];, observations of ie© cover 
involve visual or semiinstrumental surveys, with investigation of 
the areas and conditions of formation of hummocks, ropaks, stamukhi 
stranded pressure ridge, pressure ridges, bottor.i ice ra'ted ice, 
etc. 

Measurement of the thickness of ice consists of dete mining 
its total thickness and, separately, that of the transparent layer 
and of inferior raftings, sludtre, and the height of individual 
ropaks abo ^e the general level. 
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Specimens for laboratory study are taken by sawing out a 
block of ice. From this a column equal in height to the full thickness 
of the ice, and 5 to 10 cm across the base, is cut out b.s hack saw. 

This column is then cut into individual segments t to 10 era high 
wllch are placed in containers with ground-glass plugs and sent to 
the laboratory for special studi^^s, as described below. 

To deterraine salinity, alkalinity, and the sulfuric acid 
content, 1,5 to 2 cubic decimeter specimens are taken from the 
same block, or 5 cubic decime' ©■'"S wl en complete chemical analysis 
13 desired. 

To determine the ice structure, the thickness of the various 
layers in the block is measured with thp centimeter rule. The 
total of the individual layers measured must equal the total 
thickness o the ] ce. The results of the measurements are entered 
into the corres bonding columns o:^ the ice cross-section log, 

lee is classified by structure a 3 { 

(a) pure, ’transparent, usually blue or green, free of visible 
solid particles of hydrophytes, silt, sand, etc, and of air spaces; 

(b) translucent ice clouded due to the presence of many fine 
bubbles j 

(c) /ery cloudy ice, opaque due to the presence of many air 
spaces, and to ■ arious types o-^' fo'-eign matter. 

These 3 types of structure are encountered in every conceivable 
combination. They may arise for dif ferent reasons, and be distributed 
variously within a single piece of Ice, 


Two particularly characteristic types of air spaces are foundt 
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spheroids of t"ue spherical or elliptical shape, or irregular forms 
of various tyoes, showing a general uniformity of design in all 
dimensions. These spaces are characteristic of winter ice. They 
are classified by size into large spaces (1 to 10 mm in diameter) 
and small (0,1 to 1 mra) o 

Another type of space, the prozhilka ("vein,” "fiber,” 
"filament”) is elongated, and usually originally a spheroid. 

This type is characteristic of the thaw period. They are sometimes 
quite lorn:, and sometimes united into fine, thread-like spaces. 

They are alxifays normal to the layer, i.e., vertical, and are 0,1 
to 1 mm in diameter in the initial stage, but then becomes larger 
as the ice decays further, to become fine channels 1 to 5 mm or 
more in diameter. 

As these canals become larger, tie ice becomes friable and 
■Uie crystals lose contact with each other, ultimately decaying, 

2, Observations of snov cover involve a description of the 
nature o the snow cover in the area where the work is carried 
on, with determination of the trickness and density of the snow 
over the ice. 

The thickness of snow is measured in a radius of 3 to 5 
steps from each ice test hole. 

Snow cover is classified as follows » fresh, sastrugi, firn, 
solid packed, solid frozen, single layer, multi-layer, crystallized 
but not frozen compact, compact frozen cr^.stallized, fine or 
large-grained, loose powder, mounds and the directions of their 
crests, thawing, wet, water-permeated. 

The thickness of the snow over a is measured 

at both ends and in the middle of the strip, and at additional 
points if it is more than 3 km, 

. 6 ^ . 


1 
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Density is determined gravimetrically or volume trically, 

gravimetric determination employs a portable snow scale. 

This consists of a metal cylinder, balance weights and a shovel 
(Figure U9) . The c; Under, 60 cm in height, terminates at the 
bottom with a thick ring, ^0 square centimeters in area, the edge 
of which is sharp. At the other end there is a hand3.e and 

ring by means of which It is suspended from the balance, Tne face 
side of the cylinder bears a centimeter vernier. The balance 
consists o:^' a rule divided into 2 unequal arms by a knife-edge 
support. The long armi, carrying a grooved metal weight, is 
divided into $ km graduations. The metal cylinder is suspended 
from the end o' the short arm. 

Before each weighing, the balance is tested by being brought 
to equilibrium. This should set in when the zero marking on the 
vernier is seen tr.rough the hole in the wei^t, 1, and when a 
check line on the pointer 2, permanent! \ fixed to the rule, 
corresponds to one on the han^’er. If this does not produce 
equilibrium, the weight is moved along the arm until it is obtained, 
and the reading at this point is taken as zero in weighing. The 
whole balance is then lowered into the snow, by means o= the sharp 
bottom edge of the c Under, until it touches the earth at which 
point the thickness of the snow is read off on the vernier on 
the outside of the cylinder. Before the cylinder is raised from 
the snow, the shovel is forced beneath it, to prevent any of the 
contents from escaping. The cylinder is turned upside down on 
removal, snow adhering to the outside is removed, and it is weighed. 

If the snow is greater than 60 cm in thickness, i,e,, thicker 
than the height of the cylinder, its thickness is determined section 
by section and the results are then totalled. 
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The weic^ht of the speclmsn In grams wil l equal the number 
read on the balance arm ul tipi led by 5 (that being the value of 
each graduation) . In cm^ the volume of the specimen will equal 
the reading on the scale multiplied by 50 (the area of the c; Under 
base). 

Thus, the density of the snow is ■ xpi-essed in terms of the 

p 

ratio of the weight of the sample to its volume, i,e. CT * 

In ice density studies, attention is also gi.en to the ice 
crust in the snow deposit, li.e thickness of the crust is measured 
and an appixpriate sup lernentar; entry is made in the lo-r book. 

If the density meter described above is lacking? the density 
of the snow is determined volume trically, A specimen of known 
volume is thawed and the volume of water obtained therefrom is 
determined by means of a graduate. 

Here the density of the snow is expressed by the ratio of 

_ Vi 

the volume of water to the volume of snow, ioS*, CT -- — , Given 

V? 

data on the thickness of the snow layer and its density, one may 
calculate the v/ater sup -Iy it contains* H » (T h. 

Water density is also measu ad by means of the volumetric 
snow meter (Figure 50) consisting of a brass or zinc cylinder 
carryinr a cm scale. The top of the cylinder bears wooden handles 
solidly mounted on a metal rod passing through holes in the 
cylinder. In the bottom of the c: linder there is a slot cut 
halfway through its perimeter, and serving to seat a valve 3* 

The valve slides freely into the cylinder slot. It is grooved 
halfway round its perimeter and is equipped with a handle. 

The bottom area of the snow meter cylinder is 100 cm2. 
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Ac^-e33ory equipment for the volumetric snow meter constats of 2 
pails with tightly- closed covers and a f^raduato beaker. 

Calculation of snow density is facilitated by the use of the 
Table for Date ’m.l nation of Density of 3now Cover which gives the 
! 'ensl of snow to an accuracy of 0,01 on the basis of the readina,s 

i 

j on the cylinder scale and the rule of the snow density meter weights. 

To calculate the density of the snow by means of the volumetric 
snow mete the C 3 linder reading is r^iultiplied by 2, Then, finding 
the value thus obtained, anc' that representing the reading in the 
beaker with the thawed snow, the density of the snow is read off 
’■n the Table accordingly. 

It has been found that wet snow falling in large flakes 
has a density of mors than 0,5. ^he d 0 ':sity of fresh snow fallen 
when the temperature is slightly below freezing is close to 0,1, 

At lower temperatures, -.nd in the absence of wind, density declines 
to 0.05-0.03. 

3, Hydrological observations along the ice strip under 
study are made in accordance with special programs and usually 
consist of measurements of the depth of the sea, determination of 
water temr^e rat ure in the ice hole, notations on current, and 
salinity sampling. In rare eases there may also be observations 
of the swell of the sea which sometimes appears in ice- free 
areas (beyond the fast ice), or may be judged by fluctuations in 
water level In the ice hole due to the dissemination of waves from 
the open sea beneath the ice cover. 


These studies are accompahlad by meteorological studies of 
the strip consisting of observations of the general state of the 
weather, determination of the velocity and direction of th-' wind, 
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and of air temperature. Meteorological observations are made at 
the base point of the strip and are then repeated Gvar 7 ? hours 
’.'ntil all work thereon has Isen completed. 

Observations of fluctuation in level must be run on a 
closer schedule along the shore and parallel to the ice studies, 
in the area of the study. 

All ice and snow observations on the strip ire entered 
into a special log for the recordinr of ice and snov/ on ice, while 
hydrometeorological observations go into the corresponaing logs. 

In addition to log entries, the work on the surip includes 
sketches of the nature of the ice surface, and othe-^ data on the 
state of that surface. Note is also taken of all special ‘eatures 
surrounding the observations such as may serve as supplementary 
data in the analysis o the entire complex of observations on the 
ice. 

The field data on ice and snow thicknesses is then used to 
plot a cross section of the ice field on mm-ruled graph r aper. The 

horizontal scale chosen must be such as to permit the total length 

of the drawing to be embraced mthin 2^ to 30 cm. Thus, if the 
strip under study is a km long a scale of ^0 m per cm is convenient, 
while for a lO km strip a scale of 500 ra per cm is desirable etc), 

The axial horizontal is the base from which the snow depth is plotted 

vertically above it and the ice depth below it. The points thus 

entered are connected by lines, the upper of which represents the 
snow cover along the entire strip, and the lower represents the 
thickness of the ice. Foreign matter on the ice is also shown in 
the corresponding scale. The horizontal line shows the azimuth 
of the profile and the identifying nuiQbp T-a of the points corresponding 
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to the numbers of the stations (holes) in tho Ice* in a^lrtltlon, 


the thickness of the Icp ^and the height of the snow cover, the 


number of the strip and of the royoarcli part>', tiie date ol the 


observations, the coordinates oT tiie initial and final stations 


(holes), and the horizontal and vertical scales, are also shown 


on the profile* 


The drawing must be signet) by t.hose who drafted it and by 


the chief of the hydrometeorological station or tiie field party* 







Figure Ii9 


Figure ^0 


Gravimetric snow m 


Volumetric snow 
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[Pages 92-115] 

CHAPTER VI 

ICE OBSERVATIONS FROM SHIPBOARD 

All vessels make ice observations during the duration of the 
ice season. These obser ations includei 

(I) types of icej 

(?) boundaries of fast ice and open water; 

(3) consolidation of drift ice; 

(U) ice foms and the state of the cover; 

(^) navigability of the ice; 

(6) supplementary descriptions of the distribution of the 
ice and the state of the ice cover; 

(7) observations of th^? thickness of the ice and snow; 

(8) hummocking, and the heights of hummocks; 

(9) compression and opening of the ice; 

(10) ice drift; 

(II) ice mapping; and 

(1?) hydrometeorological factors. 

Observations 1 to 9 above are made from the flying bridge, 
the height of which is entered in the journal. 

Ice and snow thickness studies, and de e?miination of hummock 
heights w len the vessel is tied up, or during drift with the ice, 
are made directly from the ice by the methods set forth in the 
preceding chapters. 

Ice drift observations may be made from the vessel, when 
not in motion, or directly from the ice. 

» Ice sapping, i.e., the rendering of sketches while the vessel 
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is under way or drifting, and determination of hummockiness by 
the point scale is done from the flying bridge, and governed by 
changes in the ice panorama. 

All shipboard ice obaerv’ations are accompanied by hydrometeoro- 
logical observations, o;’ wiiich the most important have to do with 
visibility, the rate and direction of the wind, and the state of 
the surface of the sea. 

The further elaboration of ice observations from shipboard 
require supplementary navigation data including copies of the 
shipboard watch logs, maps with the course o the vessel, data 
on verification of the ship's compass, etc. 

Observations of the ice by the ship's company on merchant 
vessels are made at the same time as hydrometeorological observations t 
0, U, 1?, 16 and 20 hours and at intervals between these, if 
marked changes in ice conditions be noted. Note is also taken of 
time of approach to, entry into, and lea ing the ice, the general 
direction of the ice edge being noted accordingly. 

Special ships (iceireakers, vessels carr^ ing expeditions, 
and ice patrol vessels), make virtually continuous ice observations, 
in any case not less frequently than within a radius adequate for 
reliable determination of ice compactness, in other words, 0.5 to 
1.0 nautical miles. 

All ice observations are entered into the shipboard hydro- 
meteorological log. 


Certain components of the ice situation to wits ice types, 
the boundary between fast ice and open water, compactness of drift 
ice. determinate nn nf tho fnmnta /%•? 4 . 
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cover are Identified in a manner analogous to observations from 
the shore, but with due regard to the specific conditions governing 
observations on the open sea. The navigability of the ice, i.e,, 
the degree to which the ice may be penetrated by ships, is deter- 
mined by a c mbination of factors including ice forms, consolidation 
(covera. e), thickness, hununockin?, ana the height of hij.rjmocks, 
mechanical and physical properties, state or disintegration, 

SLate of closing or opening and drift. 

Direct observations of the listed factors and recording of 
the speed of the ship through the ice as well as the speed of the 
ship^s engines enter into de to T^ni nation of penetrability of a given 
ice area for a given vessel, a matter of great importance to ice 
navigation. 

The simplest o the existing scales by which the passability 
of ice to ships is determ n'/d by eye, is the Ii-point scale compiled 
by the i'rctic Pesearch Institute (Table Ih) . 


TABLE lli 

SCALE OF NAVIGABILITY OF ICE BY SHIPS 

Conditions of Ice Navigation 

1 Ice readily navigable by given type of vessel which does not have to 
change course and shows virtually no decline in speed, 

2 Ice presents complications for navigation by given type of vessel 
which proceeds at reduced speed and headway, with changes in course 

3 Ice navigable by given -type of vessel with difficulty. Progress is 
by forcing the ice, 

b Ice iiTipassable to given type of vessel, which is incapable of moving 
under its own power. 
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Several t.\pes of ice navigability scales are in use in the 
Hydrometeorological Service. The first of these was developed in 
1931 b, V. V, Timonov and N. n. Oaken (Table IS). 


TABLE 15 

HAVIGABILITY SCALE FOR VESSELS PROCESDTNQ ALONE OR LEADING CONVOYS 
IN DRIFT ICE 

oints Conditions of Ice Navigation 

0 Vessel proceeding through open water, or as if water were open. 

1 Vessel makes slight changes in course, avoiding large cakes. 

2 Vessel maneuvers between cakes, occasionally changing speed* 

3 Vessel performs sharp maneuvers, speed chant'ing from forward to 
stop and reverse, and smashes ice bridges. 

U Vessel advances, barely holding its course, changing speed, bucking, 
and advancing ver slowly, 

5 Progress is solely by bucking and advance is measured by ships* s lengths. 

6 Efforts to advance are unavailing. 


In these scales, the penetrability of the ice is measured 
by a point unit which identifies the difficulties encountered by 
the particular vessel in its progress through the ice. The unit 
of penetrability is based on the existing ice conditions, and 
note is made of wheth r the vessel is moving Independently or is 
being convoyed by an icebreaker* The compactness of the ice and 
its median form during the period of the given observation is 
entered simultaneously in the corresponding column of the log* 

The scales adduced provide only a qualitative evaluation of 
the passability of the ice, while, for operational purposes, it is 
exceedingly important that there be at least an approximate evaluation 
of the absolute speed of the vessel through the ice* To meet this 
need, the Arctic Research Institut e pro posed a nine-point scale 
(Table l6). 
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TABLE 16 

ICE NAVIGABILITY SCALE 

Points Description 

0 Vessel navigates ice at same speed as open water. 

1 Vessel navigates ice at better than ? knots 

7 Vessel navigates ice at 3 to ^ knots. 

3 Vessel navigates ice at 2 to 3 knots. 

[; Vessel navigates ice at 1 to knots. 

5 Vessel navigates ice at 0.6 to 1.0 knot. - 

6 Vessel navigates ice at 0.3 to 0.^ knot. 

7 Vessel navigates ice at 0,1 to 0*2 knot. 

8 Vessel progresses at a rate measurable in ship’s lengths per watch 

9 Vessel brough to a standstill by severe ice conditions, and can 
make no farther progress. 

Four years of studies by the National Institute of Oceano- 
graphy in tha White and Baltic 3sas since the war resulted in the 
development of a scale o^ maximum speeds for vessels of various 
classes anc; types per point unit of ice navigability. This was 
develooed by 7. T,. Tsurikov. They are presented in a 7-point 
scale (T?f le 17). 

This scale envisages $ t;>npes c>f wooden and metal ships, 
classified as follows: 

(a) wooden sailing vessels with auxiliar;^, engin-s of up 

to 300 hp, with no ice shielding, reinforcement, or hull lines designed 
for ice navigation; 

(b) wooden sailing vessels with auxiliary engines of up to 
300 hp with ice shielding, reinforoemont, and hull lines designed 
to resist ice squeeze; 
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(o) metal steam and motor-driven vessels, with enstines of 
SO to 800 hp, and freighters of 800 to 6000 hp, without ice 
shielding, reinforcement, or hull lines for Ice, and freighters 
with reinforcerent and 300 to 6000 hp engines but lacking ice 
shielding, also sea-going tugs of 300 to 1800 hp, not specially 
ecjuippsd for navii'ation in ic©; 

(d) freighters of 800 to 3000 hp with reinforcenant and 
ice shielding, steamers and Hiessl v ssols equipped for ice- 
breaking, and having 8:'0 to 6000 hp, icebreaker tugs of 300 to 
800 hp with hull lines for ice and reinforcements, and icebreakers 
of 800 to 1800 hp with and v;it’)out bow propellers, 

(e) icebreakers of 1800 to 10,000 hp with and without bow 
propellers, 3000 to 10,000 hp icebreakers with bow propellers; 
steam ice-ciittars of 3000 to 10,000 hp. 

[See page 77 for Table 17] 

A second scale developed by Tsurikov (Table 18) describes 
the naviga-illtr, of ice to vessels under icebreaker convoy. 

This scale provides for 3 typ-s of convoys, depending on 
the num er of ve ccels: I more than 3 } II small convoys of 2 ships; 
III a single vessel under convoy including tow by a short line. 
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TABIE 17 



ICE NAVIGABILITY SCAIE FOR VESSELS CF VARIOUS CLASSES SAILING ALONE OR CONVOYING GTHHiS 


Speed of vessela of various 
classes, as % of open water speed 
Wooden ships, class Metal ships, class 


Points 

1 

Description of Ball Unit 

Ice readily navigable by ary vessel 

a 

b 

c 

d 

e 

2 

Ice readily navigable foot* self-piK>pel3.ed vessel capable of navigation 

in ice, but presents difficulty for other ships with metal hulls. 

80-100 

80-100 

80-100 

80-100 

80-100 

- 77 - 

SometiBBS impassable fw wooden; ships without ice siiielding 

Ice readily navigable for icebreaker, but difficult for ordinary 

vessel equipped for ice navigation. Navigable only unfJer convoy 

for other metal ships. lupassable for wooden sliips without ice 

NI-80 

NC-80 

25-60 

65-80 

65-100 

h 

shielding 

Icebreakers navigate with some difficulty. Other metal ships can 

NI 

nc-65 

NC, CO 

5-75 

30-100 

5 

navigate only in convoy. Impassable for other ships 

Icebieakers navigate with difficiilty., Other vessels equipped for 

NI 

NI, NO 

NC 

NC, CO 

5-75 

6 

ice ifavigation can proceed only in c:;nvoy. Impassable to all other ships 

Icebreakers navigate by ramming. Othfjr vessels equipped for ice naviga- 

NI 

NI, NC 

NI 

NC 

up to 35 


tion can proceed only in convoy. lupassable to all other ships 

NI 

NI, NC 

NI 

NC 

CO 

7 

Ice iBpassable to all ships 

NI 

NI 

NI 

NI 

NI 


Note: NI, navigation inpossiblej NC, navigation only vmder convoyj Cu, navigation by crusMng only, 

S 

I _ 
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TABLE 18 


PASSABILITY 3CALE FOR oHIPS UNDIiR ICEBREAKER CONVOY 


Description of Point Unit 


I Vessels may navigate y themselves (without icebreaker convoy). 


II Vessels may navigate a channel previously opened; if under ice i reaker 


convoy, large convoys may pass. 


III Large convoys are dimcult and uneconomical, but 2 to 3 vessels may 


fol ow an icebreaker at over 300 m. 


IV ? to 3 vessels may follow an icebreaker at more than 300 m. Ships are 


occasionally nipped and have to be broken out. 


An icebreaker may be followed by ? to 3 vessels only if they are in 


close formation. If the spacing is increased to 300 m, the lead 


vessel is immediately nipped and has to be broken out. 


VI Only one vessel may be convoyed at a time, and then on a short towline. 


VII Convoy -i.ng is impossible, as a si ip cannot follow an icebreaker even 


on a short towline, altrough the icebreaker itself is able to move. 


If it IS impossible for iceo^ 0 ake^' convoy to proceed, the 


appropriate notation is made Jn the log 


The major shortc niing or these scales of ice navigability 


for ships under icebreaker convoy, lies in the fact that they 


describe not the penetrabilit: of the ice, out that of a channel 


dependent upon properties of the vessels convoying and being 


convo'ed, Unfortunately, lack of data made it impossible for 


V. L. Tsurlkov to determine the rate of speed of convoys in these 


various navigability point classes. 


Ice navigability data is entered in a special journal, the 


title page of which bears the name of the vessel and other essential 


datas the sea being navigated, the date on which the observations 


Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6 




Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6 


began and ended, the time aone, the name of the captain, and of 


those making the observatl'^ns. The log should ' e made up of 


ledger-size sheets in 20 columns (Table 19) . 


When ves els are in narrow wate s, the ice o servationa 


should be written out in words. Column 3 is for the general true 


course, which is taken from the navigation chart on which it is 


plotted. Column h shows the mean speed of navigation along the 


general course, in knots. Column ^ shows the speed of the vessel 


in knots, relative to the ice, when the vessel is in constant motion# 


All speed data relative to the period of observation are noted, 


and the average is then taken. Columns 6, 7, 6 and 9 are for 


characterization of engine function, assuming a four-screw vessel. 


If the given vessel has less than U propellers, the excess columns 


are crossed out. 


If the observations are from a s .earner, the steam pressure 


and screw revolution per minute are entered in these columns. If 


a Diesel electric vessel is involved, the volts and amperes of 


current in the engine circuits and the propeller revolutions per 


minute are entered. In preparing the log blanks, space is 


provided for the foregoing under the general caption for the U 


bolurans under discussion, "Engine Records," 


The ice forms are entered in column 10 with the median form 


above and the remaining forms below a horizontal line. 


Column 11 is for the extreme dimensions of the predorainAnt 


type of cake and it is desirable, when possible, to note the extreme 


dimensions of each type of cake. 


Column 12 is devoted to a description of the consolidation. 


or specific coverage of ice. If this is not uniform in the various 
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directions^ the average value is ^dven, and supplementary consolidation 


data Is provided in dolumn 19. 


Columns 13 and lU are for ice and snow thickness measurements, 
the mean thickness being entered above a line, or underlined. 


Hummock iness, on the ^ point scale, is entered above a line 


and the height of hummocks in m is entered 1 elow it both in column 15. 


Column 16 serves to record compression and opening out of 


the ice. If tnis phenomenon is not uniform over the visible surface 


of the s'^-a, or if it follows a clearly- defined direction, additional 
remarks are entered in column 19. The point scale in use is 


specifically stated. 


Column 17 shows the penetrability o'" the ice in points 


according to one o^ the existing scales. The Indication of the 


scale used is obligatory. 


Column l8 is for the final findings of certain meteorological 


components (direction and speed of wind, visibilit^v and temperature 


of the air)whtch have a direct effect on the condition of the ice. 


The data for this column are entered in the meteorology log. 


Column 19 serves for all supplementary data not going into 


the preceding columns and characterizing hydroraeteorolo ■ ical and 


ice conditions which shed light on the conditions of ice navigation 


and the passability of ice by a vessel. Entries in this column 


may be in whatever form the observer desires or it may be used 


for sketches and similar purposes. 


The last column, 20, is for remarks and addenda by persons 


elaborating the material in the log or su jecting it to critical 


examination. 
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The supplementary descriptions of ice distribution and the 
state of the ice cover are obtained as a result of examination of 
the entire visible surface of the soa by the naked eye or by 
binocular. These data are entered in the appropriate columns 
of the lors. 

Shipboard o servations and entries should include the 
following! 

(1) whether the ship is in open water or ice. In the latter 
case, in what type of ice; 

(2) in what areas the sea is covered with fast ice, and the 
direction of its ed^e; 

(3) unusual aspects of the distribution of the drift icej 

(I 4 ) polynias, leads and channels, with da .a as to dimensions 
and location; 

(5) floebern;s and stamulchi, with indications of number, 
dimensions, nature and location; 

(6) water sky and ice blink, and the directions in which 
they are seen; 

(7) piles of ice ashore, with height and shape; 

(8) disintegration or hummockin^ of fast ice, and closing 
or opening of drift ice. 

In addition to the foregoing, everything that describes the 
strength and navigability of the ice cover is noted as is the 
functioning of the icebreakers and the convoying of vessels, i.e., 
data from vessels encountered on route as to difficulties in ice 
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navigation, ice communication, use of the ice for the laying of 
roads, tracks, airstrips, etc. 

Various methods are used to deter ine the ice and snow 
thicknea / along a vessel’s course. The slinrlest consists of 
eye judcrment of the thickness of cakes which are often forced up 
edgewise alongside the ship. The snow cover over the sea ice packs 
may form a very dense mass. Tt may he frozen to the ice. However 
the boundar. between the'n is very clearly seen when cakes stand 
on edge. 

When the vessel is moving at low speed, ice ar.d snow thickness 
may be measured by means of a round pole painted alternately black 
and red every 10 cm. 

A hook on the bottom of the pole is engaged ceneath the ice, 
whereupon a reading is taken of the marking even witii the top of 
the cake. 

These measurements are more accurate if a wooden rod 50 cm 
long and 7 to 10 cm wide is cast on the ice. It is fastened to 
a line. 

One of the major shortcomings of these methods lies in the 
fact that ice and snow thickness are determined from the deck of 
the ship rather than from the captain’s bridge. Most of the other 
ice observations however are made by a single person who is usually 
on the bridge and is ccmipelled frequently to climb down to the 
deck for this other purpose. 

The methocb of measuring the thickness of ice and snow 
directly from the wing of the captain’s bridge is described below. 
First it is necessary to dste*^ mine the height of the observer’s eye 
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above the surface of the ice. The height of the bridge above the 
current water line may ie obtained from the ship»s plans to vi^ioh 
the elevation of the observer* 3 eye above the deck Is added. Due 
to the change in actual ifater l.ine vs the vessel consumes fuel 
and water, the el vat ion of the o .erver»s e; e above the water 
must be rechecked constantly as the sh p navigates in ice. 

P.A, Ponomarev on the icebreaker "lermak,” used the following 
method of measuring the thickness of Ice and snow. A rod gage 80 
to 100 cm long with decimeter graduations painted alternately 
white and Mack (Figure ^l) was mo nt d beneath either or bo tu 
w' ngs of the brid e at the level of the u. per deck. It must be 
absolutely horizontal, and normal to the side of the ship. It io 
sighted against the background of the ed-es of upturned cakes 
which pemits the thickness of the cake to be determined in 
proportion to the graduations on the gage. Greater accuracy is 
obtained if each graduation on the ^age is somewhat 1^ ss than 10 
cm as it is closer to the eye of the observer than to the cake. 

This magnitude is found by the formula 

He - Hr , Hr, 

H « -I 1 10 cm « (1 - —) 10 cm 

He 

in viiich H is one graduation, Hq is the elevation of the observer's 
eye, and Hj, the elevation of the gage above the ice. 

At night, the point of observation is lit in such a manner 
as to illuminste the rod and the cake to be measured. To make 
allowance for changes in the ship’s draft during a voyage, a special 
table is compiled, from vdiich corT*ections are made for different 
drafts. 
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H Date and local time, hra and min 


^3 Location of vessel 


General true course (in degrees) 


Rate of navigation along 
p" general course (knots) 


Rate of speed rel; tive to Ice (knots) 


Left 

w 

o 

t 

Middle ^ ^ 

^ ^ H* 

§ ^ <D ro 

Right “ (S 8 »cs 

CO Q 
CD 


predominant 


Dimens ionsof nearest cake, m 


^ Consolidation of ice, points 


Thickness of ice 


predominant 


^ Snow thickness, cm 


predominant 


Hummockiness, in points 


Height of hummocks, in m 


^ Closing aid opening of the ice 
(identify scale used) 


^ Navigability of ice 
(identify scale used) 


H Weather 

OO 


g Additional ciata 


Noties on examination and 
o elaboration of foregoing, signed 
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Another simple method of measuring the tlilokness of the ice 
and snow while the vessel is under weigh consists of the use of the 
range-finding grid of an artillery binocular (Figure ^2). The ocular 
of this type of binocular has a }7rid with large graduations, 
corresponding to 0,01 of the distance from the eye to the object 
to be measured and small graduations ev iy 0,005, On this basis, 
the thickness of the ice and snow is calculated on the for ula 

h « O.OOlnHj, 

in which h is the thickness of the ice and snow, n is the reading 
on the binocular reticule, and is the elevation of the observer* a 
eye above the ice, 

and snow thickness are read off on the binocular grid 
only when the cake selected is precisely at its nadir rel tive 
to the observer. The error in reading is 0,01^ of the elevation 
of the eye, i, 0 o, when the brid-'^e is less than 10 m, it is one cm, 

B, I, ArnQl*d-Alyab*yev invented an illuminated gage to 
measure ice and snow thickness at night, and also when a vessel 
is moving at hi^h speed. It consists of a slotted piece of wood, 

A (Figure 53), 120 cm long, with a cross-bar, B. Wooden rollers C 
are fastened to both ends of the cross bar. They surport the 
?7age against the side of the vessel when it is lowered from the 
bridge. There are holes at D to suspend the gaga (Figure 5U). 

Four electric bulbs, taking their current off the ship*s circuit 
are housed in the hollowed interior of the gage. Frosted glass, 
with decimeter graduations painted black at every other graduation, 
covers the top and sides of the gage. The bottom of the gage 
bar remains uncovered to illuminate the ice. 

Ihe accuracy to idiich ice and snow thickness are determined 
by the Amol* d-Alyab’yev shipboard gage is one to 2 cm, when the 
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ice Is 10 to era thick, and 2 to 3 cm when it la 20 to hO era thick. 
T“0 advantage of this type of shipboard gape lies in the ability 
to make observations at night, directly from the bridge of any 
type of vessel, i.e., from the same point as that from which all 
other ice oi servations are made, 

V, I, Arnol* d-Alyab*yev also invented with 5. Andreyev, 
a portable instrument consisting of a flashlight projecting a 
special scale on the cake to be measured (Figure The 

battery used to f-ed the apparatus is housed in a shoulder 
oany/ing case, the brightness of Illumination depending on the 
strength of the light source, and the accuracy with which the 
scale is projected on the surface being dependent on proper 
focussing of the objective. The value of the vernier graduations 
varies with the elevation of the instrument above the ice. These 
data are carried in a table attached to the instrument, A short- 
coming of the instrument is that it can be used only during the 
Polar night. 

All the foregoing methods of measuring ice and snow thickness 
while the vessel is under weigh have as previously indicated some 
deficiency. To meet these deficiencies, V, L, Tsurikov and I, L. 
Pervakov invented an instrument which permitted not only measurement 
of the thickness of ice and scow, but determination of the width 
of c lacks in ice, the horia>ntal dimensions of small cakes, etc. 

This instrument consists of a metal bar, 1, 60 cm long, to one end 
of which a bracket 2 is affixed, carrying a short tube 3> parallel 
to the bar (Figure 56a). A collar 1+, carrying a stop screw 5# 
and bearing a metal frame 6, within which is mounted a lit x 22 cm 
rectangle of plexiglass moves freely along the bar, A rectangular 
grid with r^raduations every 2 cm Is applied to tiie plexiglass, one 
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of the squares being further rrraduated at 2 mm intervals (Figure 
S6b), The bar has graduations every cm from a zero point coinciding 
witl the end of the tube which is used as eyepiece. The ice and 
snow thickness are measured from the bridge wings, the sparaeck 
or the main deck, by measuring the number of spacos on the grid 
occupied by the cake seen through it. The value of each space 
on the grid in cm will thus be ? — in which Hq is the eye elevation 
O' the observer and 1 is the distance fron eye to grid. 

The distance between eye and grid is selected with consideration 
of the elevation of the observe in such fashion as to facilitate 
mental calculation of the number of squares. Allowance is also 
made for the draft of the ship. The rositi- n of the grid is 
change d whenever the draft changes by more than 20 cm. The 
number of divisions on the grid cor esponding to the projection 
is counted at the moment the target cake is at the nadir, 10 to 
20 cakes should be measur ed at each determinati :n of ice and snow 
thickness, the mean thickness then being recorded. The frequency 
of measurements depends upon the problems to be faced. As a rule 
determination of ice and snow thickness is made every nour during 
National Institute of Oceanorraph expeditions. Should sharp changes 
in thickness occur, the inte val is reduced to 20 or 30 minutes. 

Check tests of this method have shown that it is accurate to 
within 3% of the thickness of the ice under measurement. 

In all ice thickness measurements, it is also desirable to 
note the strength of the ice (friable, viscous, etc) and its gross 
structure (monolithic, porous, stratified). 

When a vessel is at a standstill in the ice, or drifting 
with the ice, all thickness measurements for ice and snow are 
performed by the methods and instruments described in the section 

' - - ' ■ i 

■ ■ ' ' i 
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on shoreaide ice observations. Should a vessel be at a standstill 
for long periods in ice loss than 20 cm thick, the thickness 
is measured daily at noon. Wi^en the ice is over 20 cm thick, 
it is measured once in ^ days. 

Determination of huramocking and the height of hummocks from 
the ship is performed in accordance with the a propriate point 
scale, and the Ivanov perspectometer, as previously described. 

If no perspectometer is available a naval range-finder may 
be used, With it, distance to a hummock may be measurec in cable 
lengths which are then converted to meters by means of a table. 

The height of the hummocks is dete' mined by means of an 
artillery binocular. The distance to the hummock is counted on 
its erid. For the purpose the formula h « 0.001 nl is used, 
h is the height of the hummock, and n is the reading on the 
frrid in thousandths of 1, 

If no range-finder is a a liable, hummock height is measured 
only when the vessel approaches within a few m. The mean height 
is found by observation of l5 to 20 hummocks which are compared 
from the most convenient spot from the vantage point of the vessel’s 
deck, , 

No method has been devised to measure the submerged part 
of the hummock which is of great importance in determining the 
navigability of ice. V. I. Arnol 'd-Alyab’yev has found on the 
basis of certain actual measureraonts that the bupyancy of a 
hummock, i,e,, the ratio of its visible to invisible portions is 
approximately 0.5 to 0,25 on the average. Taking the average 
density of the visible portion of a hummock as being equal 
approximately to 0,5 and measuring its height aid width one may 
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thus measure the weigh of Its invisible portion, which will be. 

Pi . f 

where Pi is the weiuht, f Is the density, B the breadth, H the 
height, and L the length, or Pi - ® tons per linear m of hummock 

(rid^xe) . 


The ratio o' the weights of the sub-surface and visible 
portions of a hummock depends upon the specific gravities of ice 
and sea water. 


?! ' 


PaJT 


- Po 


p, (f - 1) 


from which one obtains ^ 

c)~A 


P? A 

in wliich is the we (^ht of the visible portion of the hummock, 
?2 is the weight of its invi^ble portion, A is the specific 
'-ravity the sea ice, and S is the specific gravity of sea 
water. 


The specino gravity of sea ica usually fluctuates between 
0.7 and 0.9. Thus in salty sea water, the ^ ratio may fluctuate 
between I- and l/7 which is valid for individual hummocks. In which 
the elevation of the visible and invisible portions is approximately 
the same. Hummocks in the ice cover have a sub-surface width 
considerably larger than their surface above the water (due to the 
considerable thickness of underthrust strata). The visible po tion 
of the hummock or pressure ridge usually rests on this underthrust 
ice, which is why the ~ ratio comes to only % - 

Hj 

The methods, far from satisfaotor; , by which the underwater 
height of a hummock is measured simultaneous with the height of its 
visible portion inoluchs the use of a disc to measure the transparency 
of the water. The disc is lowered from the vessel by sounding line. 
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One of its edges is then maneuvered beneath the portion of the 
hummock sitting deepest in the water, A reading of the line is 
taken at the ; oment w’ ea the disc disappears beneath the huirtraock. 
This method gives satisfactoi:^ results in measuring compact 
hummocks of monolithic structure, floating alone, 

Stamukhi are measured hy determining the depth of water 
around them. 

In observing hummocks it is suggested that note be taken 
not only of their height and the depth of the invisible portion 
below the water, but also the type of hummock, the direction of 
pressure ridges, the age, and general hummockiness of the ice. 

Observations of the closing and opening up of the ice are 
made visually, by means of a scale developed in 1932 by the 
Maritime ..'epartraent of the /ydrological Instittite, and supplemented 
by the National Institute of Oceanography as a result of obsr-rvations 
during recent years (Table 20). 

Closing of the ice is understood to mean the process of 
solidification in ^ich slob ice is pressed into shape, squeezed 
and hammocks formed with resultant difficulties of nativation 
(sometimes bringing vessels to a standstill or even destroying them). 
By opening of the ice Is meant a decrease in consolidation. This 
as accompanied by partial settling of hummocks and the parting of 
large cakes the space between them becoming filled with slob ice. 
Opening of the ice permits even rather weak vessels to progress 
fairly readily. 

Occasionally one still hears the northern seaboard phrase 
”the ice is being mowed." This means that closing or opening is 
progressing in various directions, with the result that if no 
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observations had been taken prior to the onset of this phenomenon 


it is difficult to decide which process is actually underway. 


In 19^3 an Interdepartmental Comrtiission recommended the 


use of the fol: owing r/radations of characteristics in observations 


of ice closing and opening, the recording of these henomena being 


foriaalized tharebyi 


(1) very close ice; 


(?) close ice 


(3) fluid ice, i.e*, ice of 8 to 10 point consolidation 


beginning to separate after closing and 


(U) opening ice; ice the compactness of which is declining. 


TABLE ?0 


SCALE OF ICS CLOSING AND OPENING 


Points 

[ 1 ] 

1 


. Characteristics 

[ 2 ] 

Rapid opening 


Signs 

[ 3 ] 

Ice consolidation declines s by a point or more per 


hour. Recently- formed hummocks, widch have not 


had time to freeze solid, sink back. 


Average opening 


Ice consolidation decliness, but not as rapidly, 


the rate being less than one point per hour. 


Level fields of ice develop cracks* "ihe channel 


behind an icelreaker widens rapidly. 


Slight opening 


Leads open ver\ slowly, sometimes at a rate 


invisible to the eye. Cracks appear in ice 


rind covering leads. Slob ice squeezed together 


comes apart. Ice roves away from the side of the 


ship* The channel behind an icebreaker widens* 
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[3] 

No signs of closing or opening in an hour*s time 
Leads narrow every so slightly. Rind in cracks 
becomes compressed and the slob ice begins to 
undergo compression. The channel behind the 
icebreaker narrow., sli^tly. 

Leads close noticeably ano the cd nsolidation of 
the ice increases less than one point per hour. 

The slob ice becomes compressed. The channel 
behind an icebreaker closes quickly. 

Ice consolidation inc 'eases one point or more 
in an hour, Hummo eking occurs in the consolidated 
ice. 

There are times when it is difficult to discover whether the 
process occurring is closing or opening. In such instances, the 
journal entry reads ^closing or opening,” Should other factors 
(darkness, fog, etc) make it impossible to determine the reason, 
the entry reads ”not established,” and if no changes in closing 
and opening are noted, the entry reads: ”No noticeable change,” 

Observations of indistinct closing and opening during National 
Institute of Oceanography expeditions on the White Sea were made 
by means of artillery binoculars, a pancratic tube or a shipboard 
ice gage. The .method employed which was proposed by V. L. Tsurikov, 
involves observations on the closing and opening of the ice from 
aboard a ship drifting at the edge of a lead, and also in the ice. 

In the former instance, the observer, K, uses the reticule 
of his artillery binoculars C, to calculate the distance between 
the 2 points A and B on the opposite side of the lead and a target 
on the ice presented by a single ropak, a pressure ridge or an 
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. 1 ] [ 2 ] 

U No visible change 

^ Slight closing 


6 Average closing 


7 Rapid closing 
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appropriate cake (Figure 57). On repeating the reading after a 
period of time, the distance between points A and B is increased 
if the lead widens or decreased if it lessens. In the former case, 
the distance between the points increases and they take on a 
new position (A» and B»). Thus, w! en the lead widens, the angle 
AMB declines, and vice versa, when it narT-^ows that angle increases, 
fact that is inflected accordingly in the binocular reading. 

In the second case, the ship, rifting in the ice, is 
surrounded by a number of leads (Figure 58) the width of which is 
neasured from the highest point on the ship (tr.e captain’s bridge, 
the top, etc). When this is tie measurement tre widt of the lead 
will be: AB, CD, FF, G After a brief period has elapsed, a repeat 
obs'^^rvation from the same point (Figure 59) makes clear that the 
width of the first lead has widened and become not AE, but A’B. 

The widening of the lead resu ts in an increase in the angle MB 
as well, the result being A'NB, Opening and closing in other 
leads i s determined analogously. 

Ihe state of the ice rind and slob ice in the leads is a 
very good index of closing and opening. 

Mien closing or opening occur, the ice rind, as the thinnest 
type of ice is that most readily destroyed, so that opening produces 
crato;, while in subsequent closing, individual pieces of ice rind, 
crashing into each other, form the characteristic toothed effect. 

In closing, slob ice becomes packed so tight as to be able 
to sustain the weight of a man. 

The degree of closing of ice is ve^y well characterized by 
the scale in Table 21 used by the Arctic Research Institute for 
observations in the high Arctic, where powe^^ful compression creates 
areas where ice may be navigated with difficulty if at all. 






TABLE a 

SCALE OF ICE COMPRESSION 

([Note] Corapres ion is a factor recorded only for ice 
showing 9 to 10-point consolidation and ot younger ti an gray 
young ice, i*e*, thickness is not less than 15 cm if this last 
type of ice predominates)* 

Points Description 

0 Ice ’^on the mo e” (This phrase means that ice of d or 10-point 
consol id tion has begun to show motion prior to opening), 

1 Weak closing. In the compression zone, small patches of open 
water may be seen, There are occasional f acture hummocks, and 
stratification of young ice. Broken ice is squeezed onto the 
edges of cakes as a result o‘ the general packing. 

2 Marked compression. The indi'A dual leads in the compression zone 
tend to close. The e is hummock ing where the ice is weaker and 
at junctions between fields. Stratification of young ice occurs. 
Broken ice piles up into a solid mass and bulges forming ridges 
(’’pillows”). Heavy ice has not keen found to hummock. 

3 Solid compact compression. There is intensive hummocking of 
winter ice which also affects polar ice in part. Ridges of 
broken ice form everywhere, Tha young ice is chiefly humraocked. 

In the high Arctic the possibilities of navigation decline 
with the increased packing of young ice, particularly if this 
; occurs where it is intermixed with winter or polar ice. Therefore, 

a special ^-point scale (Table 22) has been introduced for this 
r ice, to facilitate evaluation of the degree to which the residual 

ice present in the fall has frozen together. These observations 
r are made from the day that stable ice formation begins. Descriptions 

of the development of the ice cover, without point indication, is 

f 
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made, of all siirns of ice formation and of further do -selopment 
until stability has been attained. 

TABLE 22 
FREEZING SCALE 

Points Description 

0 No signs of freezing 

1 Elementary forms of icei slush, sludge, snow sludge, appear 
among residual ice. 

2 The surface of the water between residual ice is completely 

covered with primary ice forns (slush, slu-tge, etc), while ice 
rind may be seen in places. 

3 Ice rind predominates in the types of yo\mg ice seen among 

accumul tions of residual ice. Young rey ice ma;, be seen 
in spots. The residual cakes freeze into ice fields. 

U Young gray ice predominates among the young ice formed amidst 

accumulations of residual ice. Gray-white ice begins to appear 
in spots. Level ice begins to appear everywhere. 

5 Grey-white ice begins to predominate among the accumulations of 

residual ice. i*^hite ice appears in spots. The ice co er takes 
on its typical winter form and consists of fields of le el ice 
for the most part. 

Observations of tie drift of ice moved by wind and currents 
of various speeds and in /arious directions may be made. In summary 
form for a particular period of time, by determination of the coordinates 
of a essel drifting with the ice. Should the vessel be standing 
at anchor, these observations are made visually, for the most part, 
the appropriate scale (Table 9 } being used. 

While the ship is drifting in the ice within the limits of 
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visibility of the shore or in the open sea, navigational, radio- 
navigational, and astronomical determinations of its position must 
be made systematically. The accuracy and frequency of these deter- 
minations of the coordinates of a drifting vessel governs the 
accuracy and reliabilit- of data on drift obtained by elaboration 
and analysis of this data. 

Accurate plotting of the course of a drifting vessel on 
a large-scale chart makes it possible to calculate the direction 
and rate of drift for any desired period of time. To study the 
principles of drift, it is nece-jsary in addition to make more 
frequent wind observations. It has been found in practice that 
highly Interesting and aluable drift data may be obtained if 
obs'-'rvations are carefully pursued not only by special drifting 
0XT.:)editlon3 but by vessels acciaentally niy)p 9 d by the ice. In 
following drift, it is also ne essary to pay attention to discre- 
pancies in the planning and weathering of all supplementar; naviga- 
tional data (compass correction, etc) needed in the processing 
of material. 

In addition to systematic detena nations of the location 
of a drifting vessel, it is necessar.; to make direct observations 
drift by use of the sounding-lead. This is done as follows. 

The lead is lowered from the ship’s winch or from a reel. 

As soon as it touches bottom a stop-watch is started. The length 
of I'ne h is measured, and slack is imnediately paid out, so that 
as the drift proceeds the cable continues to unreel from the drum. 
When a certain amount of time has passed, which depends upon the 
depth of the spot and the rate of drift the winch is stopped and 
further paying out of the cable ceases. When the cable is again 
tense, the stop-watch reading is notec. Now the length of the 
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cable paid out 1 and the angle at which the cable deviates from 
the ertical is not^d* When the values of h, 1, t, and have 
been obtained or even only some of them (h, 1, t or h, t, ), various 
mat' ^nriatical means may be used to calculate the rate of drift 
during the period of observation. This is usually done on the formula 


\not3 



K 


t 


in which K is 1.9ii2, the conversion factor from meters per second 
to knots and is the depth of the sea in meters, with the addition 
thereto of the elevati )n of the pulley or reel above sea level: 

* h + g, h, tg ' being the total drift during t seconds, or d^. 

Table 23 presents depths and slacks for a lead line paid 
out from a ship, Tq obtain the rate of drift, the value found 
on the table is divided by t seconds. 

K, V, PJurakovskiy’s noraograjn (Figure 6l) is used as follows 
to calculate the rate of drift. The depth measured h, is plotted 
on the bottom scale h^^, from which a ertical is drawn on the right 
side of the figure, to inters'^ction with arc 1, cor esponding 
to the length of cable paid out. A horizontal line is drawn from 
the point of intersection until it intersects the vertical scale 
d^, where the magnitudes of drift for t seconds are given. Armed 
with this value we turn to the left side of the nomogram on which 
the d^ value is plotted on the corresponding scale. A straightedge 
is then used to connect this point with the figure representing 
the number of seconds during which the cable was paid out as 
found on scale t. The point of intersection of the straightedge 
and the intermediate scale, v, gives us the desired rate of drift 
in knots. 
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determines its direction (within 5° accuracy). This is done by 
eans of a ship’s compass or an instrument for measuring angles* 

Pointing the zero on the vernier of such an instrument at the bow 
of the vessel, and finding an orientation parallel to the plane 
of the diamete*", one finds the dihedral , between the diametric 
plane of the vessel and the vertical plane passing through the 
soundin'^ line overboard. In determining drift from the starboard 
side, the direction will be: true course + l 60 ° + , while 

from the port side it is true course 4 I 80 ® - • 

In addition to the progressive movement of the ice, it is 
important to know the rotation of drift ice around its vertical 
axis. 

Observations of rotation are particularly important In a 
period when a vessel frozen into the ice, imitates all the motions 
of the latter and drifts with it as a unit. 

Rotatory motion is due to the friction of i e with the shore, 
with the adjacent field and with ice massifs. Irregular winds and 
currents are capable of having a major effect on the rotation 
of the ice. Observations of rotatory movements such as those made 
by la. Ya. Oakkel’ during the drift of the S, 5. Chelyuskin in 
1933«193i4, r-quire no more than ojstematic readings of the compass 
course on the ship’s main compass. The frequency with which such 
observations need be made depends upon the rapidity with which 
there is change in the compass course. If change occurs from hour 
to hour, observations should be made at that interval. Observations 
of rotary motion should be accompanied by reasonably frequent checking 
of the compass itself, as deviations in a magnetic compass occurring 
with change in magnetic latitude can produce significant, distortion 
in the observations and conclusions therefrom. 
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Ihe corrected compass courses entered cn the chart in a 
given scale make it rossible to determine the direction and speed 
of rotatoiy movement of the ice. 

Ice ma pin " t at is, sketchin'? of the ice conditions as they 
change along the course of the vessel, or periodically during its 
drift, is conducted during the entire period of observation. Outline 
maps of the given sea are used for this purpose, 1:1,030,000 and 
1j1,,'5>00,000 maps suffice for description of the general ice conditions 
in the sea, while maps on a significantly larger scale are needed 
for detailed ice reporting, and the convoying of vessels through 
the ice. 

The course of the vessel as shown on the navigation chart 
is entered on the outline maps or tracin.| sheets (Figure 62), 

(This is usually done somewhat af'ter the last previo s plotting of 
course when the correction course h?3 been entered on the chart. 

Prior to this, the ice situation is drawn in rough draft.) The 
beginning of each 2U-hour period is noted by entering lihe date. 

The entire ice situation is entered in symbols along the plotted 
course of the vessel, the limits of visibility being indicated. 

Changes in ice conditions and the time when they were noted are 
also indicated. It is o particular importance to sketch in 
changes in the compactness (coverage) of ice and the general outline 
of the ice edge. It is important to note the time when the drift 
of the vessel begins and ends, the drift proper being indicated by 
an irregular line. 


All supplementary data, notes and descriptions of the ice 
situation are entered on blank places on the outline chart or 
tracing sheet, and appended to the observation Journal. 
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Observations of hydrometeorological features are conducted 
parallel to the ice observations conducted from the vessel, and 
are inextricably interwoven therewitdi* Of particular importance 
In ice o serrations are studies of wind components, visibility, 
and waves® Visibility from the ship is determined in the same 
raanner as from the s .oreside ice point, a 9-point scale being 
employed for this purpose. The elevation of the observation 
point from which the observations are made is of high importance. 
Usually, all ice observations from a vessel, and visibility notes 
are made from the captain* s brid e. In some cases the top of 
the crow's nest is us^d in wiich case it is '^•ssenttal to record 
the elevati n of these points in the log. 

The direction of the wind is determined by means of the 
ship’s compass (with allowance for inclination and deviations), 
and its rate, by anemometer. The true value of both magnitudes, 
with correction for the speed of the vessel, is arrived at by 
■^rarhic plotting or by the circles of Rudowitz, Druz'ninin, or 
similar methods. If waves and swell are noted during a voyage, 
particularly near the ice edge, this is of marked significance, 
and it is therefore essential to look oit for this, and note it 
in the log* Ihese records are kept on a point scale for direction 
and strength of wind and wave, 

TABLE 23 

DETE^MIMj^TTON of fate of drift by ’‘MEASURED EVEUTION (?R WIHCH 
PAY-OUT SCALE TO OCEAN FLOOR) AND SLACK OF SOUNDING LINE. (LENGTH 
AND SLACK IN M) 

Slack Slack 


Elevation 

10 

JO 

30 

1*0 

Elevation 

10 

20 

30 

ItO 

[1] 

[2] 

[31 

Ihl 

[^] 

[63 

[7] 

[83 

[9J 

[10] 

10 

3li 

5'; 

7$ 

95 

72 

76 

111 

139 

l65 

11 

35 

56 

77 

97 

Ik 

77 

112 

iia 

167 
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[1] 

[2] 

[31 

Ih] 

[51 

[6] 

[7] 

[8] 

[ 9 ] 

[10] 

12 

36 

58 

78 

98 

76 

78 

113 

1U3 

168 

13 

37 

59 

80 

100 

78 

79 

llU 

ihh 

170 

lii 

38 

60 

81 

101 

80 

80 

116 

1 U 6 

172 

15 

39 

61 

82 

103 

82 

81 

117 

Ihl 

I7ii 

16 

ho 

63 

8U 

loU 

8U 

81 

118 

1 U 6 

175 

17 

hi 

61* 

85 

105 

86 

82 

119 

IU 9 

177 

l.B 

U2 

65 

87 

107 

86 

83 

121 

l5l 

179 

19 

U3 

66 

88 

109 

90 

8U 

122 

152 

180 

20 

h3 

67 

89 

110 

92 

85 

123 

15 I 4 

182 

21 

hh 

63 

90 

111 

9h 

85 

12U 

155 

1814 

22 

145 

70 

92 

113 

96 

86 

126 

157 

185 


h6 

71 

93 

llU 

9B 

87 

127 

158 

185 

2U 

hi 

72 

9U 

115 

100 

88 

128 

159 

168 

25 

U8 

73 

95 

117 

10$ 

90 

131 

163 

192 

26 

h9 

7U 

96 

118 

110 

92 

13U 

166 

196 

27 

h9 

75 

98 

119 

115 

9h 

136 

170 

200 

28 

50 

76 

99 

120 

120 

98 

139 

173 

20 I 4 

29 

51 

77 

100 

122 

125 

98 

1U2 

176 

207 

30 

51 

78 

101 

123 

130 

100 

Ihh 

179 

211 

31 

52 

79 

102 

12ii 

135 
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Ihl 

182 

2114 

32 

53 

60 

103 

125 

Iho 

lOlil 

lh9 

185 

217 

33 

5U 

81 

lOh 

127 

ihS 

105 

151 

138 

219 

314 

5U 

82 

105 

128 

l5o 

107 

153 

190 

222 

35 

55 

83 

106 

129 

155 

109 

156 

192 

225 

36 

56 

83 

107 

130 

l6o 

111 

158 

195 

228 

37 

56 

8U 

109 

131 

165 

112 

160 

196 

231 

38 

57 

85 

110 

132 

170 

llU 

162 

201 

23 I 4 

39 

58 

86 

111 

13U 

175 

115 

16 U 

20 U 

23 a 

IaO 

58 

67 

112 

135 

180 

116 

166 
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2 I 4 I 

hi 

59 

88 

113 

136 
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209 
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observer* a eye 



Figure Method of measuring ice 
thickness by boom-gage 



Figure Method of measuring ico 
thickness by artillery binocular 



top view side view, glass bottom view 

covers removed 

Figure ^3* Shipboard gage, Arnol' d-Al yab'.vev t;, pe. Aj beam; Bt cross-bar; 

C: rollers; D: holes 



Figure Arnol’ d-Alyab' ye v gage Figure 55. Andreyev apparatus. (I) Battery 
in working position alongside ship carrying-case; handle; (3) switch button 


(L) focussing spindle; (5) projected scale 
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F^ure 6 ?.. Ice mapping from a ship, (l) needles, slush, sludp,e, 
snow sludre; (?) fields; (;') fJo^s; (ii) l^rce cakes (to l 5 cm 
thick); ( d) small cakes; ( 6 ) la^'^e cak^^s, IS' t.o 30 cm thick; 

( 7 ) iceberes; ( 8 ) stamukrji; ( 9 ) conscl i dat i on index; (lO) fast 
ice; (ll) thickness of ice, cm; ( 1 ?) numbei* of fields in points; 
(ip) ice edrre, fast ice edcre, bci'indaries between areas of identical 


consolidation (isopoints); (llj) ship’s course; (IS) ship’s drift. 
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CHAPTER VIII 

OBSERVATIONS OF THE PHYSICAL AND MECHANICAL PROPERTIES OF S ', A ICE 

In studies of sea ice researchers are interested not :;nly 
in the external s’gns of the state of the ice cove-- and the changes 
in these signs in time and place, but also in the ch rtical, physical 
and mechanical characteristics of the ice indissolubly bound up with 
the foregoing* Study of ice in this fasnion is important not only 
for a fulle and more all-sided unders .>anding of the ice regime 
of various seas, but is also of independent interest, as the 
physical and mechanical properties of ice have much significance 
to the design and stress analysis of hydraulic enginee'^ing. 

Study of the physical and mechanical prope 'ties of sea ice 
are a rather new branch of research in the USiR, wl ich began for 
all practical purpos s, after the Great October Socialist Revolution 
and is to this day pursuad on an inadequate scale* To some degree 
this is a reflection of the considerable difficulties encountered 
in this type of research* 

At p 'esent, vari-ous methods of detenmining physical and 
mechanical ice indices under field conditions have been devised. 

Below we describe some of the methods in widest use. 

Physical Properties of S^a Ice 

Of the physical parameters of sea ice those most frequently 
determined under field conditions are density, air space content, 
temperature, and thermal expansion* 

1* The density of ice is one of its most important characteristics, 
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In terms of a number of theoretical questions having to do with ice, 
and particularly for practical reasons* Th'^ density of sea ice 
depends on tempe ature, the salt c ntent contained between the ice 
crystals, and the content of ai'' anci water bubbles* 

Tie experime nt ally- dete mined formula for the density of pure 

freshwater ice without air bubbles is exp essed by the following formula! 

-- . 0 
I * 1 + 0.000l6^t 

in which : j is the density of ice at the given temperature, q is 
Its d nsity at 0°, and 0 . 00016 ^ is the mean volumetric coefficient 
of t e thermal expansion of ice. It follows from this formula that 
the density of freshwater ice declines as its temperature increases* 

The temperature dependence of sea ice is mo e complex, as 
the salt solution contained between the ice crystals affects its 
theimal expansion as the ice temperature changes* 

the s a ice was initially of low tempe ature and salinity, 
its density declines with ise in temperature* If, however, sea 
Ice was initi^ly of high temperature and salinity, further increase 
in temperature would result in an increase in its density* Changes 
in the density of sea ice in connection with changes in temperature 
are relatively small and do not usually exceed 0*01* 

The densit) of sea ice varies with salt content within 
wider limits, pa ticularly at high temperatures* Thus when the 
temperature of ice is -2° and its altnity is 2 % its density is 0.92U 
while at the same temperature and a salinity of it is 0 , 9 $ 3 * 


The relationship of ice density to the air or gas*bubble 
content is expressed by the following formulai 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6 





in wrich ^ Is the density of ice free of air bubbles, and n is 

the porosity of the ice 1 * 0 ., the ratio of the volume of air or 

I'as bubbles found in the ice to total volume, expressed in percentage. 

Under field conditi -ns the ice density is usually dete ^'rained 
either by hydrostatic weighing, or by a method developed by v\ V. 
Shuleykln. 

The hydrostatic ntethod consists of weighin: the same fieces 
of Ice, ?00 to 600 grams in weight, in air and in kerosene (Figure 6U) . 
Before weighin •, the kerosene t' mperature is determined and its 
density ( ) found on a table for this purpose. 

The ice temperature is taken to be that of the air in the 
room (or the thermostatically-controlled chamber) in which the ice 
is kept for an extended period prior to ti e test. To avoid changes 
in the ice temperature it nust be weighed fairly rapidly. 

The dens ty of the ice Is calculated on the formula; 


P 



in which P is the weight of the ice in air, and is its weight j 

in kerosene. 

Shuleykln* 3 method consists of etermining the volume of a 
floating piece of ice on the boarder between 2 liquids of differing 
density, A piece of ice 200 to 2^0 grams in weight is lowered into 
a vessel (Figure 65), filled with water on the bottom and kerosene 
at the top. The piece of ice floats on the boundary surface between 
the 2 liquids. There are 2 openings in he vessel. One is in its 
lower portion and the other somewhat above the aid-line. Three 
to 5 nim glass graduate tubes are fused to the openings and act as 
gages. The vessel is filled with wat?;r to somewhat below the upper 
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opening. Readint^s on the graduate tubes (to an accuracy of 0.01 
ci'i) o' the levels of the 2 liquids before and after the ice is 
Immersed permits the density to be calculated on the formula: 

vi<r'i + vj (Tj . + Vj) (Tj 

in which (5^ and ct j are tlie densities of the water and kerosensi 
respectively and Vi and Vj are the volume of the particles of ice 
immersed in the water and covered with kerosene. and ^2 
be ejcpresaed by the difference between the levels of the liquid 
before and after i' mersion into the ice and by the cross-section 
of the vesel. 

The final formula for ice density calculation looks as follows: 

in which is the specific gravity of the water in the lower 
portion of the vessel a is the difference in the readings of the 
water l«vel and b is the difference in readings in the kerosene 
level. 

The temperature of the water and ice are determined in the 
same manner as in hydrostatic weighing. 

2. The spaces in ice like its density, constitute a parameter 
of tie highest importance in char<rcteri2ing sea ice. 

The cavities in ice affect its density, strength, and 
conductance as well as its optical and other properties. 

The cavity content of ice is determined by the volume of 
air It contains as bubbles emitted during the thawing of a given 
piece of ice of known weight. The volume of this air is measured 
by special instruments. In the USSR the instruments in widest use 
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are those developed by V, I. Arnol 'd- Alyabyev and V. V. Shuleykin. 

The Arnol'd-Alyab'yev instrument (Figure 66) consists of a 
glass beaker a thick-wall (t glass bell witn ground-glass neck, and 
a burette having a cock at the bottom and a bulge in its upp)er 
po tion. This bulge collects the gas emitted during thawing of tie 
given piece of ice. 

The piece of ice, weighed at the outset is placed beneath 
a bell in the beaker which is filled with kerosene or turpentine# 

The bottom of the • urette is fitted into the neck of the bell# 

The burette is then filled with kerosene by suction from the oeaker 
conta'ning the piece of ice under test, and the cock is closed. As 
a result of the thawing of the ice, the air from the spaces in the 
ice accumulates in the upper part of the burette. After the 
ice thaws completely and the intake of air ceases, the air 
volume 7 is counted off in cubic cm on the burette# The height 
of the kerosene or turpentine column In the burette and consequently 
the volume of the spaces in the ice specimen depends upont 

(1) the pressure of the gas in the space between the cock 
and the meniscus of the liquid} 

(2) the external air pressure} 

(3) the wei ht of the column of liquid from the level iii 
the glass to the meniscus} 

ik) changes in the volume of the burette under the pressure 
of the external temperature. 

The first 2 factors are covered by a factor of correct! am 
H 

X « M ' — 

760 (i + at) 

in which H is the atanospheric pressure at the moment of reading and 
t is the air temperature in the burette, the temperature of 
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f 


the building in which the test is made wuile X is 1/273 the 
coefficient of thermal expansion* 

The sign of the correction for the v;eight o' the column of 
liquid is op'"osite to that for K and is calculated on the formula 

1 Hpd + at) 

in which Hp is the no mal pressure In ,-;rams, and cT^ Is the density 
of the kerosene (liquid^j at the ?^iv 0 n temperature. 

The values of K and at various : and t are calculated 
in advance. The change in the volume of the burette under the 
influence of the su’-'roundin^T temperature is not taken into consideration. 

The complete formula for applying the reading of V on the 
burette to the volume of the spaces under normal conditions is: 

Vq « (K - K^)V 

Usually, the volume pertains to unit weight or what amounts 
to the same thing that is to the unit volume of thaw water. 

The Shuleykin instrument (Figure 67) co-sists of a glass beaker 
about ^ cm in diameter, containing a piece of ice some 100 g in 
weight and a glass hood with a burette equipped with a valve and 
a small reservoir having an opening. The unction point between 
beaker and hood is conical, ground in, and smeared with vaseline 
to prevent the entry of air. A spout is fused to the bottom of 
the beaker. Seated on the spout is a -ubber tube to admit liquid 
(turpentine). A piece of ice of known weight placed in the turpentine 
thaws. The water accumulates at the bottom of the beaker j and the 
air from the spaces in the glass rises to the top of the burette 
where its volume is counted off downward from the cock, 

i 
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The atr-spaoe content of the ice is calculated in the same 
manner as with the Amol'd-Alyab’yev instrument. 

3, The thermal scansion of ice is one of its most important 
properties and is of practical value as changes in the volume of 
ice due to fluctuations in the temperature of air above the ice 
cover are a cause O'^ the great pre ^sures exercised by ice on 
hydraulic engines rin? structures. It must be stated however, that 
vQvy little stud: has been given to this property of sea ice and 
a method of determining the coefficient of themal expansion of 
ice in the field has hardly been worked on at ail., Below we describe 
a method of calculating the coef 'Icient of thermal expansion of 
ice developed by the Swedish physicist iialmgren durin" the drift 
of the "Maud" In the ^ast Siberian S^a from 1922 to 192ii. He 
''ound the coefficient of themal expansion as the ratio of increase 
in the specific volume of ice to the accompanying increase in 
ice temperature. 

The Kalmgren instrument (Figu e 63) consists of a cylindrical 
i"^on vessel known volume (li50-^00 cc). One end of the vessel is 
open, but may be screwed tight by moans of an air-tight cap.B. , A, 
ealiVTated graduate tube 0, the bottom of which is on the s^e level 
as the lower surface of the cap is pushed through the cap. The 
weight of the entire instrument M is date mined to an accuracy of 
0.01 g. The total internal volume of the vessel and the glass tube 
to any graduation is calculated b\ the known coefficients of thermal 
expansion for iron and glass. 

To determine the coefficient of thermal expansion of ice, 
one prepares a sp^ximen of ice the shape and dimensions of which are 
sirsilar to those of the vessel. The weight of the ice specimen P 
is also measured to an accuracy of 0.01 g. All air bubbles are 


I 
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roraoved from the walls of the Ice specimen and from the inside 


wal 3 of the vessel before the ice is placed wit in it. The 


immersion of the ice specimen in a vessel containing kerosene. 


and the r^oval of the air bubbles is performed in a kerosene 


bath at low temperature without access of air. As soon as the 


ice specimen has been placed n the vessel the cover is screwed 


down tight and the apparatus is removed from tie kerosene and shaken 


vigorously until air bubbles from the vessel no lon er enter the 


tube. The apparatus is then wiped dr;/ ar.d weighed, to an accuracy 


of 0.01 g. The known weights of the full v-ssel g g, of the empty 


vessel M g, and the ice specimen P g are used to calculate the 


weight of the kerooene P g remaining e tween the walls of the 


vessel and the ice spt'Cimen. 


: - (P 4 n) 


The specific volume of the ice specimen at any temperature 
t is determined on the has’s of the total volume of the kerosene 


and the ice. 


This Is done as follows. The full vessel is immersed into 


a kerosene lath of t temperature where it is kept for h or S hours 
(so as to permit tha Ice spsclmen to acquire a gi/en temperature). 


A reading of the position of tha kerosene in the ^ass tube is 


talien. The inside volume of the Instrument (V^) is ej^rossod 


by the fonnulaj 




so that the density of the ice Is 




yihere 0^18 the specific gravity of the kerosene at t degrees. 


g Is the weight of the loe and : the weight of the ice and kerosene 


in the instraftent# 
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Qiv«n a series of values of W. (the specific volume of the 


ice) at various temperatures , the coefficient of thermal expansion 


of the ice is obtained from the formula: 


y B — — 

^ A- 


in which A W and At are the respective Increases in the specific 


volume and temperature of tie ice. 


U. Ice temperature is of particular interest both for the 


scientific and practical reasons. Problems of h'-jat exchange between 


ice and the surrounding water and air, and the principles of the 


process :.f thaw, the strength of the ice cover, and a whole number 
of c^eneral and special problems in the study of ice are incapable 


of solution without knowledge of its thermodynamics. Unfortunately, 


systematic studies of the temperature of ice in natural conditions 


not made even today, although the field methods of measuring 


ice temperature are now entirely reliable. These raetnods include 


the measurement of ica temperature by means of resistance themo- 


meters and the r occupies. 


Measurement of temperature by electric thermometers (resistance 


ther'iomatei’s) consists of deter’ waning the changes in the electrical 


resistance of a fine (O. 0^-0. 10 mm) nickel or copper wire, depending 


upon the temperature of the surrounding medium. 


The apparatus for measuring temperature by electrical 
thermometers consists of the following major component (Figure 6?): 


resistance thermometers (a), measuring instruments and leads to them 


(d, e, f, k, m, n), a current source (l), and a standard commutator. 


Resistance thermometers consist! of fine nickel coils in 


a brass cylinder, a cartridge protecting this element from mechanical 
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damage, and a 3 strand cable with ,:»utta-pt»rcha inaulati n. Yhe 
measuring instruments consist of a sensitive galvanometer f, and 
a resistance bridge ra, mounted in a single box. A ? or 3 volt 
battery serves as source of current 1. Ihe wires connecting the 
ther'ometer coil with the measuring cr^mponent are also capable of 
undergoing changes in resistance, Therefo’^e in order to deal 
only with changes in the temperature of the coil itself the third 
strand of the cable Is attached to the end of the coil. This is 
then connected to th branch of a standard-resistance bridge* 

The thermometers are graduated for the entire possible range of 
temperatures to be measured. 

The thermometers are "rozen into the ice as follows. A small 
hols is chipped in the ice, A board to 30 cm wide and .;ong 
enough to permit observations v;hen the ice attains the greatest thickness 
that may be expected, is frozen into the hole. Thermometers are 
mount d to the board at specified levels. As the ice cover thickens 
each thermometer successively freezes into the ice. Ihe lead wires 
are laid over snow atop the ice, and are buried in more snow. A 
table, the base of which Is frozen into the ice is set up nearby 
to carr;: the other instrunents and batteries (Figure 70). Before 
the readings all the leads from the thermometers are connected to 
the measuring Instruments. Readings on the dial of the resistance 
brid -0 are taken for each thermometer in order. By moving the 
sliding resistance contact along the rheochord m, a point is reached 
at which there is no current in the galvanometer. This is checked 
by pre sing the current switch button. At this point the reading 
is taken. The rheostat reading is converted to degrees centigrade 
by means of a calibration cui^ve or table. 


Thermoelectric measurement of ice temperature is based on 
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the development of current in the circuit between ? couples of 
different metals at different tortiperatures (FiRure 71). One is 
In contact with the medium whose tern; e nature is being determined 
and the other of known temperature is connected to a sensitive 
galvanometer. The following metals of vdiich the corresponding couples 
I are made are the best suited for this purpose: Constantin and 

copper> Constantin and iron, and Constantin and silver. The ther- 
moelectric current of these couples is related to ice temperature 
by the following fomulas 

® 

in which D is the thermoelectric current^ t is the temperature of 
the ice and a, b and c are constant coefficients for the given 
! couple as indicated in the table below. 


TABLE 8li 

Constant coefficients 


Thermocouples 

a 

b 

c 

Interval 

Cons tantir -copper 

3.60 

o.ljlUi 

-0.023 

-185 to 500° 

Cons tan tin-s liver 

3.38 

0.3l*B 

-0.055 

-0.055 to 600° 

Constantin-iron 

ii.65 

0.37U 

-0.0h9 

-185 to 600° 


Calculation on the bais of measurements of thermoelectric 
force are based on the formulas 

t - 100 ( Ol. D + J3 D^) 

The values of i ^ for the different thermometers 

are as follows: 


{ 
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TABLE 


Thermocouples 


P 

<r 

Cons tanti n- copper 

0.308 

o.olUU 

-0.00026 

Cons tantin-ailver 

0.252 

-0.0033U 

-O.OOOOil 

Constant in- iron 

0.227 

-0.00U5 

-0.0001 


The thermocouples are of fine-j^^auge, well- insulated wire, 

0.3 mm in diameter, and are fastened to a wooden board which is 
frozen into the ice. Cooper contacts are soldered to the galvanometer 
leads. The contacts are marked plus and minus, the signs being 
determined during calibration, which is performed as follows, A 
mixture of water and snow, into wrlcri ono of the ends of the ther- 
mocouple is immersed is made in a glass beaker which may be either 
a thermos container or a c lindrical I’ewar flask. The other end 
of the cou le is placed in a spacious vessel containing alcohol 
under c<mstant agitation which is brought to various temperatures. 

The thermocouple terninals are connected to a galvanometer. The 
temperatures of the alcohol and the thawing snow e measured by 
an ordinary mercury thermometer. At the same tijae, a galvanometer 
reading is taken, and the value of a graduation is determined. The 
temperature coefficient, i,e., the percentage cnange in galvanometer 
reading per degree of change in air temperature, has to b© known 
for each galvanometer. The observations themselves are takecx in 
a manner analogous to the calibration procsdu’'e, except that one end 
of the thermocouple is Immersed in the ice, the temperature of which 
is being determined. A series of thermocouples connected in series 
constitute a thermo-battery, (Figure 72), Its use increases the accuracy 
of the findings. 


Mechanic al Froperti es of tSea I oe 

The capacity of ice to resist various external forces constitute 
its mechanical properties just as wit'- any other solid. 
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Study of the mechanical properties of ice in general and 
of sea Ice in particular is a very youn^ branch of ice research, 
and began in the thirties of the present century. 

Very into naive study of the mechanical properties of ice, 
particularly salt ice, i^as conducted just prior to and during World 
V/ar II, primarily in conjunction with probl ms of ice croosings 
and the increase in the operations of the icebreaker fleet. However 
due to the extreme lack of uniformity of ice cover as to structure 
and composition and the widely differing conditions of its develop- 
ment and existence knowledge of the mechanical properties of sea 
ice is very Incomplete, despite pressing practical needs. 

Basic Concepts of the Hechanlcal Properties of Sea Ice 

Sea ice, like the vast majority of solids, has elastic and 
plaotic properties meaning that external forces may cause it to 
enter elastic or plastic states, and that it is brittle only 
under specific conditions. 

The state of elasticity is characterized b;^ the fact that 
the defoliation of a body does not change during the entire period 
during which a constant stress is brought to bear and is zero 
after this stress ceases, so that the body returns to its initial 
form and volume. 

In the state of plasticity, a constant stress results in 
constant increase In deformation, the residual deformation being 
close to that existing at the moment when the force ceases to act. 

It may be brought to zero by an opposite stress operating during 
an identical period of time. 

The state of brittleness is characterized by the fact that, 
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und^r A constt&nt strAss^ the body breaks into pieces gradually or 
sudderily, and is therefore incapable of being returned to its 
initial form and volume by an opposite force* 

The elastic limit of salt or fresh ice, i.e*, the stress 
at which ice loses its elasticity and becomes plastic, is very 
low, apparently not exceeding 0*6 to 0,(- kg per square cm. For 
tv.a ice of the Neva River the figure is 0.57 kg/cm^. Deterioination 
of the elastic li-iit of ice is not only of ttieoretical but of 
practical interest (for analysis of crossings on ic8» measure nts of 
the thickness of glaciers and icecap.} by echo sounding, etc). However 
it is exceedingly' difficult to find the true value of this Unit 
under natural conditions l.e., when ice overlays water. To this 
day only a very small number of even relatively reliable data 
obtained by detemin' tion of the rate of propagation of viL^ation 
in bars of ice (thus not under natural conditions) are available, 
Determination of the elastic limit of ice is usually made by means 
of the so-called elastic constants; the modulus of elasticity 
(Toimg»s raodulus), Poisson's ratio, and the shear modulus. 

The modulus of elasticity is the reciprocal of the coefficient 
of linear elongation of a body due to the tensile effect of stress, 
i.e, , 

E « _ p icg/cm^ 

^ AL 

where E is the modulus o" elasticity, is the coefficient of linear 
elongation (or diminution), L is the length of the body (i.e., of 
a bar of ice), AL is the elongation of the body under load, and 
P is the weight of the tensile load per unit area of cross-section 

j of the body, 

' («^) Is the ratio of th« coefficient of transverse 

i ■ ' ' 

r ' ■ 

I , - l?o - 
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constriction or dilation to the coefficient of linear elongation (^^). 


cr-.Z. 

^ d l> 

in which d is cross-sectional area. 

The shear modulus (N) is the force required to revolve a normal 
to an angle taken as unit (57.3°). It Is calculated by the formula 



n 


If 2 parallel planes in a solid af ected by some force are 
shifted with regard to each othr so that the initial noraal to these 
-lanes is caused to deviate by a given angle, then w « np, in which 
w is the angle of inclination from the normal, p is the force at 
work, and n is the shear coefficient (a constant for the yiven body), 

Ihe relation between the shear modulus, modulus oi elasticity 
and Poisson's ratio is expressed by the formula E ■ (2N - i)cf^. 

Determination of the elastic constants of ice like dsteri nation 
of elastic limit involves considerable tec nical difficulties and 
is therefore not performed under field conditions. 

Systematic studies of variability in the modulus of elasticity 
and Poisson's ratio for ice have been made by V. M. Finegin, who 
found the following: 

(1) the modulus of elasticity shows a marked decline withi 
constant Increase in stress j 

(2) the modulus of elasticity is greater in deformation transverse 
to the crystals than in longitudinal defonnationsj 

(3) the modulus of elasticity increases with decline in 
temperature; 
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(U) the modulus of elasticity in the upper layers of ice is 
greater tharj in the lower; and 

(S) Poisson’s ratio increases with rise in load, and with 
decline 'n temperature, 

Ihe stress at which a body los's plasticity ard begins to 
become brittle is usually te med the critical point, or (by analogy 
to the elastic limit) the plastic limit. Tie stats of the ice 
in the plastic state is doubtless of high scientific interest, but 
for practical workers it is important to know not the changes in 
deformation while stresses are at work, but primarily the magnitude 
of the plastic limit (the critical point, breaking s ress, or 
strength) . 

Tf the use of ice as a building material is under study 
(for ice crossings, various structures, etc), the minimal loads 
at wi'ich the iven ice will undergo destruction are the items 
of major inter st. 

However, if the problem is that of combatting ice (in 
icebreaker work and strossanalysis of hydraulic engineering structures) 
the prime factors for researcher and engineers are the stresses which 
ice can withstand before breaking into pieces. 

Reference to the mechanical properties of ice usually pertains 
to determination of its plastic limit (strength). As, In nature, 
.outside forces affect the ice cover in a variety of ways, the force 
(load) bipught to bear on ice in laboratory and field tests of 
plasticity is applied in a variety of ways. 


y^oat common are tests for con^ression, flexure, and tension. 
Less attention is paid to detanninatlon of the plastic limit of 
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ice on Instantaneous compression (shock) and shear. However, these 
tests are also quite important in deter dnat ion of the mechanical 
properties of ice, and should be made systematically. 

The mechanical properties of ice are tested on samples in 
the form of rectangular parallelepipeds or cubes, with carefully 
polished and accurately measured edges as it is necessary to know 
the cross-section of the ice specimen in tte final calculation of 
the plastic limit. These specimens are prepared as follows. 

First a large block of ice is cut out. This is then sawn into 
bars, the dimensions of which must be 1 to 2 cm greater ti^an the 
final specimen, to provide a margin for polishing. linaliy each 
bar is given accurate shape and polish either by an ordinary car- 
penter’s plane or a special polishing lathe. 

Cubes from 5 X ^ X 5 to 10 X 10 X 10 cm are used in tests 
of compressive strength, 

Isctan ular parallelepipeds measuring from 5 X ^ X 30 to 
10 X 10 X 50 cm are used to test fl."xure (fracture), tensile and 
shock strength. 

Prior to the test the ice is seasoned for an extended 
period in a room the air temperature of which is the same as that 
at which the test will be run. This is then taken to be the 
temperature of the ice at experiment. To prevent that temperature 
from changing, all tests must be run quite rapidly. 

In flexure tests, for which ice '’keys" consisting of blocks 
of various sizes, are used, the ■teniparature of the ice is taken 
to be either the air temperature at the moment of test, or the 
temperature of the ice from which the ’’key” has been cut. 

As the plastic limit of the ice depends not only on its 
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temperature, but also on structure, porosity and salinity, these 
parameters als have to be determined. In addition, it must be 
rernf?mbered that the m chanical indices of the vari ;ua layers of the 
ice cover are not identicals They also vary with the direction 
of the application of stress relative to the axes of the rystals. 

The tests are therefore run on sp cimens from various levels of the 
ice cover and with their crystalline axes running in various 
directions relative to that from which the outside force is applied, 

>’inally, the mechanical properties of ice are dependent 
to a considerable degree on the length of time during which the 
load is applied, a fact that must be taken into consideration in 
tests, 

1, Tests of ice for compressive strength are mn either in 
one of a number of types of presses or on special machines. Below 
we offer a brief description of the ^'‘hitman-Shandrikov press 
(Figures 73 and 7U), 

The worm gear 1, and wheel 2, actuated either by hand or 
electric motor the inferior jaw U, serving as base, and carr,' ing 
the ice specimen 7, is raised on the threaded shaft 3t The 
resistance of the specimen P, is transmitted to the upper jaw 8, 
via a ball 9, at the bottom of a rod 10, which moving in the guides 
11 , actuates with its other end, the second-class lever 12, with a 
force equal to the resistance of the specimen, % means of the 
hanger, 13, the left arm of lever 12, transmits this stress, 

€L 

reduce by the ratio — — to the spring lU. The pressure transmitted 
B 4 a 

is detennined by the degree of deformation of the spring. The 
deformation of the spring is evaluated (to an accuracy of 0,01 cm) 
by means of the dial l5, which is mounted on the frame of the press. 


- 12U 
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The formula for calculating the plastic limit of ice in 
tests for compressive strengtli looks as follows R • ^ kg per 
square cm, in which R is the plastic limit (the critical strength) 
of the ice p is the force applied in kg, 1 is the length of the 
specii^en, and b the specimen's width. 

2. Tests of ice for flexure are un on hydraulic presses 
specially designed for the purpose, and also on ^itman-Shandrikov 
and other presses. 

The simplest is the Arn ;l*d«Alyab -yev press (Figure 75) 
consisting of 2 extension frames from which a bar of ice is suspended 
on ruboer gaskets. The load is applied upward by means of a swivel 
arrangement. The bar to be flexed to breaking is in the plane of 
the upper beams of the fra?>e. The supports and the working edge 
in contact with the ice are of hardwood, and are c:vlindrical, 
with ample curvature. Pressure is applied by turning the swivel 
by hand, so that some unevenness in the rise in stressis unavoidable. 
The pressure on the ice is measured by a dynamometer with an oval 
steel spring. To avoid the possibility of spoiling the dynamometer 
mechanism by rapid release of load when the ice bar breaks, a 
special safety device is provided. 

The formula for determining the plastic limit of ice (in kg 
per sqnare cm) to flexure on the Amol'd-Alyab'yev press is as 
followst 



in which R is the plastic limit in kg per cm^, p isthe stress applied, 
in kg, L is the span of the frame, h is the height of the specimen 
in cm, and b is its width in cm. 

Determination of the flexing strength of ice is also performed 
by means of ice ”k©ys*^ sawn from the ice cover* 
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Such deteminatlons enjoy a great advantage over tests of 
small ice specimens, as they make it possible to obtain data on the 
strength of the natural ice cover. 

There are several types of frames for testing ice ”ksys" for 
flexure or fracture of which tls most successful must be deemed that 
designed by I. P, Troshchlnskiy, The advantage of this frame over 
others lies in t e fact that the ice "key^^ retains its connection 
to the ice cover. 

The Troshchinskiy frame (Figures 76 and 77) consists of a 
wooden lever to one end of which there is attached an iron hook 
carrying a chain which is placed beneath the "ksy,” while to tie 
other there is connected an iron bracket through which a screw with 
a swinging handle-bar is connected, A dynamometer is attached to 
the lower end of this screw and is firmly seated in the ice cover. 
During the test of the ’’key,” the wooden lever of the device rests 
on a support beam, the distance from the middle of the beam to the 
point at which the iron hook is fastened to the chain, on the one 
hand, and to the screw with the d 3 mamometer on the other, being 
measured accurately. This arpliance makes it possible to make tests 
for flexiire (fractu>^e) with stresses applied both downward and 
upward, I’^hen the stress is applied downward, the apparatus is 
a second-class lever, and when upward a first-class lever (Figures 
76 and 77). 


The magnitude of a stress directed aownward is calculated 
on the formula 
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in which P is the weight of the lever, p is that of the surport 
beam, f that of the hook and chain, f^ is the total W0ip;ht of 
dynamometer, screw, handle, and other parts on the long end of 
the lever, L la the total length of the lever and 1 is the short 
arm of the lever. 

The plastic limit on flexure is obtained on the formula 



in which 0^ is the critical point in kg per square cm, F is the stress 
in kg, a is the length of the "ke- ” from the point of application 
of the stress to the fracture line, in cm, b is the width of the 
”key” in cm, and h is the height o^ the ”key’^ (the thickness of the 
ice cover) in cm. 

3. Tensile strength tests of ice make it possible to deter- 
mine the elastic llnilt at fracture. In the simplest arrangement, 
the device for testing the ice consists of ? clamps gri ping 
the ends of the specimen. The upper clamp is attached to a fixed 
beam and the lower to a pan for the load, A test consists of 
adding weights to the pan until the specimen yields. The plastic 
limit is calculated on the formula 

P 9 

R * -• — kg per cm^ 

bn 

in which R is the plastic limit, p is thr force applied in kg, b 
is the width of the specimen in cm and h is its height in cm. 

ii. Tests of ice for shock may be performed on the V. 3. 

?Jazarov swing impact machine (Figure 76) , The basis of the 
machine is pendulum carrying a load at the end. The pendulum is 
attached near its top by a mount having an angle gage to determine 
the angle of swing after the specimen has been destroyed. Near the 
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top of the mount which Is fastened to a horizontal base, there is 
a stop to hold the pendulum at the desired initial position. Ice 
specimens measurins” from 5 X ^ X 30 to 10 X 10 X 30 cm are used* 
The specimen rests on supports 10 cm apart. ^Tien ever;>- thing is in 
place the catch is emoved and the pendulum strikes the specimen. 
Hestruction is by the blade of the pendulum, the contact portion 
of which Is a semi-circle of mm radius. 

The work perfomed by the falling pendulurri is calculated 
on the formula 

Tq * p(- + cos^O + cos^) + cos^) 

in which T is the total work performed, p is the weights of the 
o 

pendulum, 1 is its length, is the first weight added, p 2 the 

second, l^^ the distance from the axis of rotation of the pendulum 
to the center of the f rst weight (p^^), I 2 distance from 
the pendulum's axis of rotation to the center of the second weight 
(P 2 ), and 5^. is the angle to x^hich the pendulum s raised in its 
initial position. After destroying the specimen the pendulum 
continues to swing and the height to which it rises indicates the 
unexpended porti n of its f'orce. 

The fo'^’ce expanded in destroying the specimen by impact is 
calculated on the following formal at 

« g(h - h^) 

in which T^^ is the work required to frac ture the specimen, g is 
the weight of the pendulum with its weights, h « r(l + cosX ) 
Is the height of the center of gravity of the pendulum before the 
blow, and h^^ is the height of the center of gravity of the 
pendulum after the blow. 

With allowance for losses, the final formula is as foHdwsi 
Td - Ta - Ala - + AT^ 






In which ATj^ ia the loss in the Initial force, by friction in the 
ball-bearings and overcomlnsz he resistance the air, ATp is the loss 
In live force, , as the pendulum swincrs by angle after destroying 
the specimen* 

It is necessary for the angle of elevation of the pendulum 
in its initial position ^ , to be constant, as the constancy of the 
force is depencient upon this. 

For convenience of calculation a table is used providing the 
values of Tfi k-r relative to the angle ^ • 

Shear tests (Figure 79) are performed by a method developed 
by I, ?, Troshchinsky. 

An ice drill and a special reamer are used to bore an inco’ir'pi <=te hole 
in the natural ice cover with a constriction at a given depth (Figure 80). 

The diameter of the hole is 3 cm, 2 cm at the constriction. The depth is 
determined by the bit. The test consists of shearing the ring of ice. 

The major component of the sh-aring instrument, a plunger (1), consists of 
a brass cylinder connected by a ba'.l-snaped heel to the base 2, in the 
form of a cnshion block, A steel tube 3> serves to transmit pressure 
on the cfynamomete’" is transferred by means of a wooden lever with 
metal hackle by which the lever is seated on the tip of the dynamometer, 

A steel cable fastened to the ice by a dog 6, is fastened to one end 
of the lever. The ring is sheared through by even pressure on the 
handle of the lever. The moment of shear is determined by feel. The 
dynamomete ' shows the maximum force exerted. 

The critical point of resistance to shear is detenained by the forrtiula 



2 

In which H is the critical resistance In kg per cm , P is the stress 
applied in kg, d is outside diameter of the ring in cm and h is the 
height of the ring in cm, 
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Fif^iire 6li, Apparatus for determining Figure 65. Jhuleykin's apparatus for 

ice density by hydrostatic weighing. determining ice density 



Figure 66, Arnol' d-Alyab'yev's instrurient 


for de terming ice porosity 


Figure 67 Jhulijyk i n 's apparatus 
for de tenn.lning ico porosity 






I'*! (m ro 68. Ap pa r a tus To r d e t.e rn] i rn n a t h ^ 
coofficient. of thermal e xf^an.-:; i <>n' 
of ice 



Fif^U’'e 70. of inr'^’rti rr rr>- 

siatance t.h--r omet-cn .in ;■:« 


!'’i f:U’^e t)'K n{' connec t i 

T'o;; i nt, rr e tne rrnone i pr.j . (a) ther- 
nori;<"!.n {b} cn^rni) ta t.or , (c) Y 
c^'nnnr' 1 . i (;ri ; (d) f.Hii.roL; (e) bridfje 
di.t l i i i ’jn. j rir*i. i on ; ( f) ralvanometer; 

( K ; '-.or'- ^'t.or-; (1) battery; (^n) rheo' 
c Mo .r-' ; ; ( r . r I ■ M - L'U 1 1 ( n j w i tch . 



tin;.’ Uiormo- 
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